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Analysis and Summary Report of Historical Dry Well Gamma
Logs for the 241-C Tank Farm -200 East Area

I Introduction

The single shell tank farm dry well surveillance program was established as one of several methods
used to identify leaking tanks. Gross gamma logging in boreholes peripheral to and surrounding
single-shell tanks was used to supplement in-tank liquid level measurements to determine the
integrity of an individual tank. Until 1975, gross gamma ray data were collected in a non-digital
format. In 1975, the surveillance program was updated to a digital logging system. Under the
upgraded system, gross gamma ray logs were captured in digital form utilizing several types of
logging detectors. These logs were then reviewed immediately after collection to identify significant
changes in activity from previous logs. This examination was used to confirm or identify leaks of
gamma-emitting liquid radionuclides from suspect underground tanks. The system was not intended
to identify the specific radionuclides contributing to the total gross gamma ray activity; the data were
used to make operational decisions regarding the integrity of tanks and their ability to safely contain
high-level radioactive waste. While the system targeted gamma-emitting radionuclides as indicator
species, other radionuclides (e.g., alpha- and beta emitters) and hazardous chemical constituents
would also have leaked from the suspect tanks when gross gamma activity significantly increased.

Digital gross gamma ray logs were acquired for the period from January 1975 through mid-year
1999 and have been re-analyzed to determine contaminant distribution in the subsurface around
boreholes during this interval. Data acquired prior to 1975 require reformatting to be useful for this
analysis. The available data for each borehole varies; some begin in 1975, others as late as 1980.
Data for some boreholes ends in 1989, while for others it continues until 1999. A detailed description
of the analysis procedure is in "Analysis Techniques and Monitoring Results, 241-SX Dry Well
Surveillance Logs," (Randall and Price, 1999a).

Isotopes identified during the spectral gamma logging analysis that occurred from 1995 to 1999 for
all single-shell tank farms is integral to the analysis of the gross gamma ray data. Log data for C
Tank Farm were obtained by Three Rivers Scientific from a report issued by the U.S. Dept. of
Energy prepared by MACTEC-ERS (1998). The spectral gamma logging system (SGLS) employs a
high-purity germanium (HPGe) detector to obtain data leading to the identification and depth of
gamma-emitting radioactive isotopes. The identity of gamma-emitting radionuclides in soils
surrounding a tank is required for interpretation of the tank farm gross gamma ray dry well
surveillance logs. By integrating SGLS data with historical dry well surveillance data, information
concerning the tank leak history along with the historical mobility and decay of man-made gamma-
emitting radionuclides in the vadose zone is obtained. These analyses concern gamma-emitting
contaminants and contaminant mobility (or lack of mobility) that has occurred over the time period
spanned by the available data (i.e., 1975 to 1994).

This report provides a summary of the gross gamma ray data for the 241-C Tank Farm and is
intended to identify changes in the gamma activity of gamma-emitting radionuclide contaminants
around each accessible borehole, and is not intended to provide interpretation of the data relative to
vadose zone mechanics. In general, the data analysis resulted in the identification of two types of
subsurface conditions; clean dry wells and dry wells with radionuclide contamination at one or more
depth intervals. Within dry wells with contaminated intervals (discrete depth zones) four
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categories of contamination were identified (in general these categories are encountered in this type
of historical analysis and are listed here for completeness, even though this tank farm may not
experience a given category). Following this system, a borehole and/or a zone may be classified into
one of several categories:

1. CLEAN: no gamma-emitting contaminants detected for the survey speeds and sensitivities of
the gross gamma ray probes used; specifically no systematic trend above the naturally occurring
radionuclide background in the soils is indicated by the data. Note that in several boreholes
designated 'clean", the SGLS detected gamma-emitting contaminants, but at levels below the
detection threshold for the gross gamma tool. Where the SGLS detected a gamma-emitting
isotope with an activity of less than 5 pCi/g, activity generally will not be seen on the gross
gamma probes used in tank farm logging for which the detection limit is generally about 5 pCi/g.

2. CONTAMINATED

" STABLE: gamma activity follows a decay curve of an isotope identified by HPGe or a
hypothesized radionuclide based on decay characteristics; specifically the decay rate of the
isotope(s) identified in the zone matches the change over time in the gross gamma log
response, and no noticeable deviation from the radionuclide decay is apparent within the
time period of the data.

* UNSTABLE: evidence of contaminant migration exists within the period of data collection;
specifically, in logs with proper depth control, a peak migrates with passage of time, or there
is a sudden increase in Grade Thickness Product (GTP) that does not correlate with any
change of logging tools or procedure. Such changes are interpreted to reflect the addition of a
gamma-emitting contaminant.

Some contamination zones were identified as initially unstable in older logs and as stable in
more recent logs; i.e., instability in earlier data was succeeded by stability in more recent
data.

" TANK FARM ACTIVITY: erratic log response at the bottom of dry wells or at shallow depths
result from logging procedure changes, radioactive waste transfer operations, surface or near
surface leaks/spills, and/or clean up of surface contamination; specifically, an irregular change is
observed in gross gamma-ray log values between successive surveys at or near the surface and/or
at the bottom of the dry well. These rapid and inconsistent log changes suggest that
contamination may be the result of tank farm operational activities (e.g., waste transfers) or
logging procedure changes, and are not related to vadose zone mechanics.

" UNDETERMINED: no specific conclusion can be reached with the available data; specifically,
stability cannot be determined due to: 1) insufficient data, 2) exceeding the system design
criteria (both upper and lower limits) for recording gross gamma ray data, or 3) possible effects of
depth shift or surface activities.

Stable vs. unstable is an apparent condition limited by the time interval over which data were
collected, the sensitivity of the tools, and the level of contamination; it is not necessarily a statement
concerning the fixed or mobile nature of a given isotope in the vadose zone.

Radionuclide isotopes discussed are either identified using the HPGe data or are hypothesized to
exist presently or to have existed in the past. Radionuclides cannot be identified from a gross
gamma ray log alone. The hypothesized isotopes assumed or known to be present generally have a
rapid rate of decay (e.g., Ru-lOG) which may not be identified by the lPGe tool if the level of

- ' radioactivity falls below detection limits at the time the SGLS data were obtained (mid 1990's). The
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- 3 earlier presence of such isotopes can be speculated based on the fit of a decay curve of the isotope to
the change over time of the gross gamma ray data and knowing that such an isotope was initially
present in the leaked waste. Ru-106 was hypothesized in several C Tank Farm zones.

It is beyond the scope of this project to identify the contaminant source, rate of movement, or
migration pathway and the ultimate impact of leaked waste to the environment. It is also noted that
where boreholes do not exist, gamma-emitting isotopes may be present and movement can and may
have occurred without detection. This investigation is limited to the immediate area (approximately
20 inch radius) around each borehole from which gamma rays are readily detected, and is not
rigorous enough to interpret the condition of the space between boreholes and outside of the
investigated area. Contaminants which do not emit gamma rays or whose decay products do not
emit gamma rays, are not detected by gross or spectral gamma logging and are therefore not
discussed in this report. While such isotopes may be present, they are beyond the scope of this
report.

1.1 Background

A series of twelve tanks were constructed at the 24 1-C Tank in 1943 and 1944 to receive high-level,
liquid, mixed waste resulting from chemical processing of spent fuel rods (Brevick, et. al., 1996).
These second-generation Hanford tanks hold 530,000 gallons (each), were constructed on 100-foot
centers and are 75 feet in diameter, leaving 25 feet between the sides of each tank. The peak of the
dome of each tank is about 8 feet below ground surface; the base of each tank is about 40 feet below
ground surface. Each tank consists of a reinforced concrete exterior with a single lining of carbon
steel. These tanks are connected in four three-tank cascade and transfer lines, the details of which
can be obtained from the engineering construction diagrams for this tank farm. A network of vadose
monitoring boreholes (dry wells) was installed throughout the C Tank Farm as part of a leak
detection and surveillance system. Borehole locations (centered on the borehole name) and the depth
of logging, (listed below borehole name) are presented in Figure 1. The boreholes range in depth from
50 to 145 feet, with 57 (of 70) being 100 or more feet deep. The 1975 to 1995 digital gross gamma ray
data were analyzed by Three Rivers Scientific (under subcontract to Duratek Federal Services,
Richland, Washington) and the results are the subject of this report.

Tanks C-101, C-l10 and C-111 in the C Farm are suspected to have leaked. The category of
"suspected leaker" addresses leaks from tanks only, and not from any of the associated facilities (e.g.,
piping, diversion boxes or pits) which may have also released waste to the soils.
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1.2 Data Analysis Description

The dry well data analysis procedure used for the C Tank Farm gross gamma historical logs is
discussed in detail in the Analysis Techniques report (Randall and Price, 1999a).

Data from the dry well logs were compiled to maximize trend identification. This process does not
add or delete data, but merely compiles the data into a more useable format. This data set is used to
create a depth vs. time plot (stack plot) to identify trends over time and zones of contamination. All
historical log surveys for a single dry well (borehole) are analyzed as a whole for each radioactive
zone above background in the well, allowing statements to be made about the apparent condition or
rate of change of any given radioactive interval. For clarity, all logs are not plotted in the stack plot;
quarterly logs are plotted to render the stack plot readable without affecting the integrity of the
data.

Review of the historical gross gamma ray data revealed that limits in the system design for
collecting data prior to 1986 created a situation where the zero-depth reference point for the start of
data collection was inconsistent. This difference in zero-depth point makes evaluating trends in the
data difficult. Several methods can be employed to overcome varying zero points and to essentially
create a common starting point from which to view the data, making trend identification easier. One
method applies a depth shift to the data, which is simply adjusting data up or down so that certain
identifiable features in the logs can be aligned and evaluated. Since a depth shifting may mask
possible downward movement identification, no depth shifting was performed to analyze the C Tank
Farm.

A second method to analyze changes between successive gross gamma logs utilizes a calculation
called the Grade Thickness Product (GTP) which can be applied over a depth interval wide enough to
include all depth variances of peaks so as not to require depth shifting. The GTP is a summation of
the values of logging instrument readings over the depth interval of interest (minus background
activity), multiplied by the distance between sample point depths. This calculation yields a constant
that is independent of the log depth and the specifically chosen starting/ending points. When the
calculation is applied over the entire contamination interval, the result is a more accurate
representation of the condition of the zone over time.

Note: Gross gamma ray data were collected using a variety of probe types. The count rates generated by these probe
types do not directly correlate, as discussed in the Analysis Techniques report (Randall and Price,. 199a). Caution
must therefore be used when relating GTP values in zones recorded with different probe types (e.g., the Nat probe type
04 does not record values that relate to those recorded with the Green or Red GM probe types 01 and 02). Scaling
factors between the different probe types are presented in iDry Well Probe Calibrations" (Randall, 1999).

Gross gamma ray log surveys were recorded over the length of the borehole at sampling intervals of
one foot, starting at the maximum depth to which the logging detector was positioned (near or at the
bottom of the dry well). In radioactive zones less than one foot thick, successive one foot sample
intervals will cause variations in the apparent shape of the log in the thin contamination zone and
changes in the maximum count rate in the apparent center of the zone. The GTP calculation is used
to eliminate this apparent problem.

The average background activity for the GTP calculation and 'Average Background" plots, which are
provided, is the gamma radiation from naturally occurring potassium, uranium, and thorium (i.e.
natural background) in the soil. The average background is computed and reviewed for each survey
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and thus provide a level of confidence that the instrumentation worked consistently and that the
gross gamma ray data are valid. The average background is calculated either between a lower and
upper count rate limit or for a depth range. The lower count rate limit is generally set at zero (0) c/s;
a value defined as indicating a data gap. The upper count rate limit is generally set at 50 c/s for the
NaI probe (i.e., type 04 probe), a conservative value near what is considered background activity.
For comparison, the original leak detection program responsible for collecting the log data considered
a count rate equal to or exceeding 200 c/s a reportable occurrence for the probe type 04 (NaI).

The percentage of data values for each survey that are considered as representing the natural
background (i.e. non-contaminated interval) is also calculated and presented on the summary plots
as "Frequency Clean".

Zones of gamma-emitting contamination are examined for historical character using the GTP
calculation. The average background activity is subtracted from peak values so that only the
contaminated levels above background are included in the analysis. A graph is generated with GTP
plotted against time for each depth interval analyzed. One or more decay lines are then
superimposed on the graph based on isotopes identified by the SGLS data, knowledge of tank
constituents, and the known presence of isotopes in other boreholes. Sometimes decay lines can be
fit through the data a number of ways with none of them fitting perfectly. When two or more
isotopes are identified, a least squares fit analysis for a multi-component decay is performed. A
detailed discussion of how two or more curves are combined is provided in the Appendix to the
'Analysis of Historical Gross Gamma Logging Data from BX Tank Farm" (Randall & Price, 1999b).
The least squares fit may include hypothesized isotopes. Hypothesized isotopes are gamma-emitting
radionuclides that may have been present when the gross gamma logs were recorded. These isotopes
are known to exist in the inventory of the tank farm, or are identified in nearby wells, and may not
be identified by the SGLS because they were at or below detection levels for the HPGe when these
logs were recorded. The decay rates for each of the components are held fixed in the fitting process
and the relative intensities of the components are calculated and reported in the data analysis when
appropriate. The relative contribution of gross gamma rays from one component to another depends
on the nature of the isotopes and the detector design. ,

Note: Spurious data were generated during normal data collecting activities. Spurious zero values are called data gaps
and are considered as unrealistically low natural background activity when recorded with the sodium-iodide probes.
Between 1975 and 1982, the equipment would occasionally record a spurious data value of minus one (.1) or zero (0). A
value of minus one represents an invalid count rate. Data gaps occur at various locations in the surveys, including in
the background or in the middle of a high contamination zone within a borehole. Data gaps are not included in the
calculation of average background. grade thickness product, or frequency clean values.

Comparing the GTP data and the decay line(s) reveals information about the rate of change of
contamination within a zone over the period that data were collected. When appropriate, multiple
plots are generated to show the results for different zones within a borehole. The details for the use
of GTP data are described in the Analysis Techniques Report (Randall and Price, 1999a).

The objective of the analysis is to assure that a consistent and thorough examination of dry well
surveillance logs is performed and to determine if contamination abruptly entered the region of the
borehole and quickly migrated out. All digital surveys within the time interval analyzed are
examined to minimize undetected problems or conditions. Table I contains a list of the dry wells
located in the C Tank Farm as well as information concerning the identity, level, and depth of
contamination.

The data available for this analysis are limited. Some of the limitations are the:

a Inability to identify when down-hole contamination is a result of vadose zone transport or drag
down during casing installation
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* Insufficient gross gamma ray data to establish a statistical trend or rigorous statistical analysis

* Lack of HPGe data or lack of reported analysis of HPGe data

* The time interval over which data are available in not sufficiently long

* Insufficient borehole depth

* Inability to identify isotopes that have decayed to levels below the detection limits of the SGIS
IPGe detector.

* Inability to fit single or combined decay curves to zones where no gamma-emitting isotopes are
detected by the SGLS

Table 1. C Tank Farm Borehole Analysis Results Summary

Borehole Survey Number 'Probe Category Zone MaxOTP Year Isotopes
Number Depth Of Type Depth (ft x cis) Max Present

(feeil Surveys (feet) Cs
30-00-01 70' 208 4 TF Activity 0-5 300 1984 "'Cs

Undetermined 58-70 100 1981 "'Cs

30-00-03 120' 194 4 TF Activity 0-7 1300 1975

30-00-06 110' 163 4 Clean
30-00-09 57' 350 4 Clean

30-00-10 53' 164 4 Clean
30-00-11 58' 168 4 Undetermined 3-14 1000 1977 "'Cs

3D-00-12 145' 162 4 Clean __________

30-00-13 55' 166 4 Clean - - __ ___ ___

30-00-22 55' 180 4 Undetermined 0-13 15K 1977 "Cs

30-00-24 60' 175 4 Stable 14-24 800 1977 URu

Stable 24-40 700 1977 '*Ru

30-01-01 100' 481 4 Stable 30-53 1200 1975 -Co' 10Ru

30-01-06 100' 311 4 Unstable Early 30-41 250 1980 "'Cs

Stable 71-83 600 1975 1wRu

Stable 83-95 220 1975 T'Ru

30-01-09 100' 317 4 Stable 20-33 40K 1975 "Cs

Stable 33-60 14K 1975 '3 'Cs-'Ru

30-01-12 100' 344 4 TF Activity 0-10 4500 1975 "'Cs

Stable 10-18 100 1975 "'Cs

30-03-01 125' 681 4 TF Activity 0-30 12K 1975 "'Cs

Undetermined 40-70 600 1978 Cs

Unstable 90-125 300 1954 WCo

30-03-03 130' 550 4 TF Activity 0-14 4K 1975 "Cs

Undetermined 14-40 2800 1975 "Cs

Unstable Early 78-100 1500 1975 "Col=Ru

30-03-05 100' 515 4 TF Activrty 0-20 600 1984 "'Cs
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Borehole Survey Number aProbe Cateory Zone Max GTP Year 'Isotopes
Number Depth Of Type Depth (ft x cs) Max Present

(feet) Surveys V at) __7_
30-03-07 130' 499 4 TF Activity 0-12 2000 1980 "'Cs

Stable 42-54 170 1975 "'Cs

30-03-09 100' 553 4 TF Activity 0-12 8K 1980 "'Cs

Stable 40-52 150 1975 "Cs

Unstable 73-94 500 1988 -C0

30-04-01 50' 440 4 TF Activity 0-8 3K 1975 "'Cs

Undetermined 8-22 400 1975 "'Cs

3D-04-02 135' 335 4 TF Activity 0-12 2000 1975 "Cs
Unstable Early 32-60 3K 1975 cCo

30-04-03 50' 195 4 TF Activity 0-15 600 1985 "Cs
Stable 16-30 70K 1983 ",Cs

Unstable 30-48 8K 1981 WCo

30-04-04 100' 425 4 TF Activity 0-8 50K 1978 'Cs

TF Activity 8-25 1800 1975 'Cs

30-04-5 IC' 416 4 TF Activity 0-20 9K 1978 "'Cs

30-04-08 145' 406 4 TF Activity 0-5 150 1975 "'Cs
Stable 10-26 1000 1975 "Cs
Stable 26-38 150 1975 '"Cs

Stable 38-50 120 1975 "s

30-04-12 135' 414 4 Clean
30-05-02 130' 569 4 TF Activity 0-14 5K 1975 ''Cs

Undetermined 14-26 600 1975 Cs

Unstable Early 68-84 250 1976 '"Cs, 'Co
30-05-03 100' 589 4 TF Activity 0-39 9K 1985 "Cs

Unstable 67-80 400 1975 Co

30-05-04 120' 556 4 TF Activity 0-8 900 1975 "Cs

30-05-05 100' 526 4 TF Activity 0-25 12K 1975 "Cs

Unstable 40-56 550 1976 "Cs

Undetermined 56-84 1800 1975 "Cs, "Co

30-05-06 60' 537 4 TFActivity 0-15 1100 1975 "Cs

Stable 40-53 400 1975 "'Cs, ' Ru

30-05-07 67' 319 2 Stable 30-45 20K 1983 "Ci

Undetermined 45-66 400 1981 "Cs

30-05-08 5' 594 4 TF Activity 0-11 4K 1975 "Cs

Undetermined 11-26 13K 1975 "Cs, wCo, "Eu

Undetermined 26-53 13K 1975 "'Cs, 'Co

30-05-09 100' 513 4 TF Activity 0-8 300 1985 "'Cs

30-05-10 135' 513 4 TF Activity 0-17 300 1985 "Cs

Unstable Early 17-35 500 1976 Cs'Co'Ru

30-06-02 123' 631 4, TF Activity 0-16 500 1984 "Cs

30-06-03 100' 666 4 TF Activity 0-10 800 1975 "Cs
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Borehole Survey Number aProbe Category Zone Max OTP Year 'Isotopes
Number Depth Of Type Depth (ft x cis) Max Present

( N t ) S u r v e y s - - 1 , W ) -fe e
30-06-04 130' 657 4 TF Activity 0-16 2000 1984 'Cs

Stable 16-32 600 1975 'Cs

30-06-09 100' 657 4 TF Activity 0-16 900 1985 "'Cs

30-06-10 130' 657 4 TF Activity 0-10 800 1984 rCs

Unstable 6-115 300 1989 Co

30-06-12 100' 802 4 TF Activity 0-14 1500 1985 'Cs

Unstable Early 14-26 300 1979 "Cs, Co

30-07-01 100' 380 4 Stable 0-14 120 1975 'Cs

30-07-02 100' 385 4 Clean

30-07-05 100' 398 4 TF Activity 0-8 300 1975 "'Cs

30-07-07 100' 390 4 Clean
30-07-08 100' 387 4 Clean
30-07-10 100' 390 4 Clean
30-07-11 100' 403 4 TF Activity 0-10 80K 1993 'Cs

30-08-02 100' 68 4 TF Activity 0-6 4K 1985 'Cs

TF Activity 13-28 55K 1980 'Cs
Unstable 46-55 1500 1980 Co
Unstable 55-84 12K 1980 MCo

30-08-03 55' 317 4 Clean
30-08-12 100' 299 4 Clean

30-09-01 100' 316 4 Unstable Early 88-100 400 1977 ""Cs, eCo

30-09-02 100' 312 4 Unstable 40-58 1100 1976 "Co

Stable 82-100 200 1975 Co

30-09-06 100' 320 4 Unstable Early 72-88 1000 1983 WCO

30-09-07 125' 45 4 TFActvity 0-14 300 1985 "'Cs
Unstable 72-90 1100 1983 "Co

30-09-10 100' 360 4 TF Activity 0-20 4K 1975 "'Cs
Stable 20-38 200 1975 'Cs

Stable 50-70 100 1975 "Cs

Stable 70-94 200 1975 "Cs

30-09-11 100' 349 4 Clean
30-10-01 100' 333 4 Clean
30-10-02 100' 357 4 Stable 42-50 80 1975 "'Cs

30-10-09 100' 354 4 Unstable Early 40-0 1700 1975 u

30-10-11 100' 336 4 Clean
30-11-01 100' 345 4 Clean
30-11-05 100' 277 4 Clean
30-11-06 100' 298 4 Clean
30-11-09 100' 305 4 Clean
30-11-11 100' 280 4 Clean
30-12-01 100' 384 4 Unstable Early 34-48 200 1978 Co, Ru

30-12-03 100' 348 4 Clean

30-12-09 100' 340 4 Clean
30-12-13 120' 211 4 TF Activity 0-20 23K 1978 'Cs
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Borehole Survey Number Pobe 'Category Zone Max OTP Year 'Csotopes
Number Depth Of Type Depth (ft x cs) Max Present

ffeet) Surveys I(Ifeet) 11
Stable 20-50 1800 1978 C'sr Co,

~Ru

&Probe type:
Caution must be used when relating GTP values in zones recorded with different probe types.
1 = Green GM, moderately sensitive; reads moderate levels of gamma ray activity.
2 = Red GM, least sensitive; reads highest level of gamma ray activity,
4 = Nal, most sensitive, reads lowest level of gamma ray activity and therefore used in zones of
limited activity

bOategory: defined above in 1.0 Introduction.
TF Activity; abbreviation for Tank Farm Activity

'Isotopes Present: Radionuclides used in GTP plot. Radionuclides identified as present by HPGe
survey or hypothesized (e.g. Ru'l), see 1.2 Data Analysis Description.

2 Subsurface Condition Categories

2.1 Clean

A clean well is one that exhibits no observable change in the character of the activity over the
logging history of the well, and does not have any isotopes identified by the SGLS greater than the
average background levels of naturally occurring gamma ray emitting isotopes. Non-gamma
emitting radionuclides or other contaminant species might be present but are not detected by either
SDGLS or gross gamma logging. Although spurious surveys (those readings that do not repeat over
time) may exist in the frequency clean and the average background plots, the trend of the data is
clear. Twenty-two of 70 dry wells (i.e., 30%) in the C Tank Farm are considered clean (Figure 2) and
are listed in Table 2. The remaining 49 wells are considered contaminated and are categorized and
discussed in the following sections.

Table 2. C Tank Farm Clean Wells

Borehole Survey Category
Number Depth

(feet)
30-00-06 110 Clean
30-00-09 57 Clean
30-00-10 55 Clean
30-00-12 145 Clean
30-00-13 55 Clean
30-04-12 135 Clean
30-07-02 100 Clean
30-07-07 100 Clean
30-07-08 100 Clean
30-07-10 100 Clean
30-08-03 55 Clean
30-08-12 100 Clean
30-09-11 100 Clean
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Borehole Survey category
Number Depth

feet) 100 Clean
30-10-01 100 Clean
30-10-11 100 Clean
30-11-01 100 Clean
30-11-05 100 Clean
30-11-06 100 Clean
30-11-09 100 Clean
30-11-11 100 Clean
30-12-03 100 Clean
30-12-09 100 Clean

-)

Summary Report

2.2 Contaminated

A total of 92 contaminated zones were identified in the remaining 48 boreholes, with up to four zones
identified in three boreholes. In some cases, the zones are continuous; in others, there are non-
contaminated intervals between zones of contamination. This is especially true for boreholes in
which there are zones of Tank Farm Activity which, typically, occur in the upper 10 feet of a
borehole.

Specific gamma-emitting isotopes that are in the subsurface are identified from data acquired by the
SGLS. Integration of the decay rate of the radionuclide species identified by the SGLS with the
gross gamma ray data collected during the dry well surveillance program provides insight as to the
rate of change, if any, of radionuclides in the subsurface. During the analysis of C Tank Farm data,
four gamma-emitting isotopes were identified or hypothesized to have occurred in one or more
radioactive contamination zones. They are cesium-137 (Cs-137), cobalt-60 (Co-60), europium-154
(Eu-154), and ruthenium-106 (Ru-106).

Cesium-137 was identified in 71 zones, most often as the sole isotope in a zone, although it is found
with other gamma-emitting isotopes in 10 zones.

Cobalt-60 was identified as the sole isotope by SGLS in 12 zones in C Tank Farm boreholes. It exists
in conjunction with other isotopes identified by SGLS in 11 zones.

Europium-154 is present in two zones in combination with cesium-137 and cobalt-60.

Ruthenium-106 is present as the sole isotope in four zones and is present with cobalt-60 in three
zones, with cesium-137 in two zones and with both in one zone.

The isotopes identified in C Tank Farm with the SGLS exist primarily under two categories of
subsurface conditions: tank farm activity and stable. Nine unstable conditions, II "unstable early"
and 11 undetermined conditions are present in C Tank Farm. Dry well locations (centered beneath
the borehole name on the map) are labeled with the conditions of subsurface zones and are shown in
Figure 2. A single symbol for a dry well may indicate multiple zones of the same designation.
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C Tank Farm
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2.2.1 Tank Farm Activity

A sudden, significant change in the intensity of gross gamma rays between successive gross gamma
surveys at or near the ground surface suggests that contamination may have resulted from tank
farm activities or logging procedure changes. Radioactive contamination occurs at the surface in 35
wells, apparently as the result of tank farm activities (i.e., logging procedure changes, transfer line
operations, valve box and conduit leaks, surface spills, etc.). These wells are listed in Table 3.

Table. C Tank Farm Activity Zones
Borehole Survey Probe Category Zone Depth Max Year Isotope
Number Depth Type (feet) GTP Max Present

thlet) I(Ift x c/s OTP
30-00-01 70 4 TF Activity 0-5 300 1984 1'Cs

30-00-03 120' 4 TF Activity 0-7 1300 1975 "'Cs

30-01-12 100 4 TF Activity 0-10 4500 1975 'Cs

30-03-01 125 4 TF Activity 0-30 12K 1975 "Cs

30-03-03 130 4 TF Activity 0-14 4K 1975 "'Cs

30-03-05 100 4 TF Activity 0-20 600 1984 "'Cs

30-03-07 130 4 TF Activity 0-12 2000 1980 13'Cs

30-03-09 100 4 TF Activity 0-12 8K 1980 "'Cs

30-04-01 50 4 TF Activity 0-8 3K 1975 Cs

30-04-02 135 4 TF Activity 0-12 2000 1975 Cs

30-04-03 50 4 TF Activity 0-15 600 1985 Cs

30-04-04 100 4 TF Activity 0-8 50K 1978 'Cs

30-04-04 100 4 TF Activity 8-25 1800 1975 "'Cs

30-04-05 100 4 TF Activity 0-20 9K 1978 "'Cs

30-04-08 145 4 TF Activity 0-5 150 1975 Cs

30-05-02 130 4 TF Activity 0-14 5K 1975 Cs

30-05-03 100 4 TFActivity 0-39 9K 1985 C

30-05-04 120 4 TF Activity 0-8 900 1975 "C3

30-05-05 100 4 TF Activity 0-25 12K 1975 1Cs

30-05-06 60 4 TF Activity 0-15 1100 1975 fCs

30-05-08 50 4 TF Activity 0-11 16K 1975 Cs

30-05-09 100 4 TF Activity 0-8 300 1985 "'Cs

30-05-10 135 4 TF Activity 0-17 300 1985 Cs

30-06-02 123 4 TF Activity 0-16 500 1984 Cs
30-06-03 100 4 TFActivity 0-10 800 1975 Cs

30-06-04 130 4 TF Activity 0-16 2000 1984 "'Cs

30-06-09 100 4 TF Activity 0-16 900 1985 Cs

30-06-10 130 4 TF Activity 0-10 800 1954 'Cs

30-06-12 100 4 TF Activity 0-14 1500 1985 1Cs

30-07-05 100 4 TF Activity 0-8 300 1975 Cs

30-07-11 100 4 TF Activity 0-10 80K 1993 Cs

Summary Report Page 19



RPP-8321, Rev. 0.

Borehole Survey Probe Category Zone Depth Max Year isotope
Number Depth Type (feet) OTP Max Present

(feet) (ft x cis) GTP
30-08-02 100 4 TF Activity 0-6 4K 1985 Cs

30-08-02 100 4 TF Activity 13-28 55K 1980 Cs

30-09-07 125 4 TF Activity 0-14 300 1985 ICs

30-09-10 100 4 TF Activity 0-20 4K 1975 Cs

30-12-13 120 4 TF Activity 0-20 23K 1978 -Cs

2.2.2 Undetermined

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the system
design criteria (both upper and lower limits), insufficient data, possible effects of depth shift, and
surface activities. 11 of 92 zones in the 48 contaminated dry wells examined in the C Tank Farm are
undetermined: These zones are listed in Table 4.

Table 4. C Tank Farm Undetermined Zones

Borehole Survey Probe Category Zone Max Year Max Isotopes
Number Depth Type Depth GTP GTP Present

____ Peat) (rest} (ftxc/s)
30-00-01 70 4 Undetermined 58-70 300 1984 "'Cs
30-00-11 58 4 Undetermined 3-14 1000 1977 "'Cs
30-00-22 55 4 Undetermined 0-13 15K 1977 "'Cs
30-03-01 125 4 Undetermined 40-70 600 1976 "'Cs
30-03-03 130 4 Undetermined 14-40 2800 1975 "'Cs
30-04-01 50 4 Undetermined 8-22 400 1975 "'Cs
30-05-02 130 4 Undetermined 14-26 600 1975 "'Cs
30-05-05 100 4 Undetermined 56-80 1800 1975 "Cs, "Co
30-05-07 67 4 Undetermined 45-66 400 1981 "'Cs
30-05-08 50 4 Undetermined 11-26 12K 1975 "'Cs, VCo, '.tEu
30-05-08 50 4 Undetermined 26-53 14K 1975 "Cs, 'Co

2.2.3 Stable

The subsurface condition of a zone with radioactive contamination is considered stable when:

" The decay rate of the isotope(s) identified with SGIS matches the trend observed in the GTP
of the gross gamma ray data, or

" Contaminants continue to decay at a rate consistent with the hypothesized isotope(s) half-
life, and

" No noticeable change in concentration is apparent over the short time interval that data
were collected.
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Twenty-four are considered stable in C Tank Farm and these zones are listed in Table 5.

Table 5. C Tank Farm Stable Zones
Borehole Survey Probe Category Zone Max YearMax Isotopes
Number Depth Type Depth OTP OTP Present

(feet) (feet) (ft X c/s) Max Isotopes
30-00-24 60 4 Stable 14-24 800 1977 'Ru

30-00-24 60 4 Stable 24-40 700 1977 17Ru

30-01-01 100 4 Stable 30-53 1200 1975 'Cs"Ru

30-01-06 100 4 Stable 71-83 600 1975 1 "Ru

30-01-06 100 4 Stable 83-95 220 1975 Ru
30-01-09 100 4 Stable 20-33 40K 1975 "'Cs
30-01-09 100 4 Stable 33-60 14K 1975 "Cs'wRu
30-01-12 100 4 Stable 10-18 100 1975 Cs
30-03-07 130 4 Stable 42-54 170 1975 "'Cs
30-03-09 100 4 Stable 40-52 150 1975 "'Cs
30-04-03 50 4 Stable 16-30 70K 1983 "'Cs
30-04-08 145 4 Stable 10-26 1000 1975 "Cs

30-04-08 145 4 Stable 26-38 150 1975 "'Cs
30-04-08 145 4 Stable 38-50 120 1975 "Cs
30-05-06 60 4 Stable 40-53 400 1975 "'Cs'Co

30-05-07 67 2 Stable 30-45 20K 1983 "'Cs
30-06-04 130 4 Stable 16-32 600 1975 "'Cs
30-07-01 100 4 Stable 0-14 120 1975 "'Cs
30-09-02 100 4 Stable 82-100 200 1975 Co
30-09-10 100 4 Stable 20-38 200 1975 "Cs

30-09-10 100 4 Stable 50-70 100 1975 'Cs

30-09-10 100 4 Stable 70-94 200 1975 "'Cs
30-10-02 100 4 Stable 42-50 80 1975 "'Cs

30-12-13 120 4 Stable 20-50 1800 1978 Cs, Co, Eu

The term ^Stable", as used in this analysis, is defined as the apparent match of the decay curve to
that for the isotopes known or hypothesized to be present, and does not refer to the inherent
condition of the contamination. The mobility of the radioactive contaminants in the subsurface soils
before or after the gross gamma ray and SGLS data collection period is undetermined. If a new
driver were introduced (e.g., the influx of a large volume of liquid), contaminants could be
remobilized. Similarly, a change in geochemical conditions in the soil could also affect mobility.
Given the current gross gamma and SGIS data, it cannot be determined if remobilization will or will
not occur.
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)

3 Details of Contaminated Conditions

Characteristics of the contaminated zones are summarized in the following discussions.

Summary Report

2.2.4 Unstable

The subsurface condition of a zone with radioactive contamination is considered unstable when, at
some point within the time interval of data collection, contamination was not decreasing at the decay
rate of the isotope(s) identified with SGLS. In this case, the decay curve does not match the trend
observed in the GTP of the identified or hypothesized isotope. In the C Tank Farm, 20 zones are
identified which exhibited instability within the time period that gross gamma ray data were
collected. In II of these zones, instability occurs during the earlier years of data collection for
certain depth intervals; however, in later years, the GTP follows the decay curve of the known or
hypothesized isotopes. A listing of 'unstable early" and unstable zones is presented in Table 6.

Table 6. C Tank Farm Unstable Early and Unstable Zones
Borehole Survey Probe Category Zone Max Year Max Isotopes
Number Depth Type Depth OTP GTP Present

- (fet) (faet} (ft x CIS)
30-01-06 100 4 Unstable Early 30-41 250 1980 137Cs
30-03-03 130 4 Unstable Early 78-100 1500 1975 60Co-'1 Ru
30-04-02 135 4 Unstable Early 32-60 3K 1975 Co

30-05-02 130 4 Unstable Early 68-84 250 1976 8Csaao

30-05-10 135 4 Unstable Early 17-35 500 1976 'CsCo-'Ru

30-06-12 100 4 Unstable Early 14-26 300 1979 ]CshWo

30-09-01 100 4 Unstable Early 88-100 400 1977 CsCo
30-09-06 100 4 Unstable Early 72-88 1000 1983 o

30-10-09 100 4 Unstable Early 40-60 1700 1975 Ru

30-12-01 100 4 Unstable Early 34-48 200 1978 "Co,"Ru

30-03-01 125 4 Unstable 90-125 300 1984

30-03-09 100 4 Unstable 73-94 500 1988 C

30-04-03 50 4 Unstable 30-48 8K 1981 Co

30-05-03 100 4 Unstable 67-80 400 1975 Co

30-05-05 100 4 Unstable 40-56 550 1976 Cs

30-06-10 130 4 Unstable 86-115 300 1989 "Co
30-08-02 100 4 Unstable 46-55 15600 1980 Co

30-08-02 100 4 Unstable 55-84 12K 1980 MCo

30-09-02 100 4 Unstable 40-58 1100 1978 Co
30-09-07 125 4 Unstable 72-90 1100 1983 Co
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3.1 Stable Zones

The fixed decay rate of the isotope(s) present is used to calculate the decay curves (Figure 3). Table 7
lists the half-life of the isotopes encountered in the C Tank Farm.

When a contaminated interval contains multiple isotopes, the intensity of the slowest decay
component is plotted to match the data over the most recent time period for which data exist. Faster
decay isotopes are then clearly indicated as necessary to match the trend of the GTP values. When
the decay curve fits the GTP plot, a stable condition is said to exist. When the decay curve does not
fit any portion of the GTP plot, stability cannot be established. The factors responsible for instability
are beyond the scope of this report.

Several zones within a number of wells in the C Tank Farm exhibit gross gamma ray activity above
natural background. Many of these radioactive intervals are observed to be stable as verified by the
change in GTP over time which coincides with the decay rate of the isotope(s) identified or
hypothesized to have been present in the soil surrounding the dry well during the time interval data
were collected. The isotopes present in these stable zones vary and are presented above in Table 3
through Table 6. In general, they occur as follows:

* Cs-137 is present in all of the tank farm activity and undetermined zones, in six of 20
unstable zones and in 18 of 24 stable zones.

* Ru-106 is present in seven stable zones and four 'unstable early" zones.

" Co-60 occurs in three undetermined and two stable activity zones in combination with other
isotopes, as the sole isotope in six unstable zones and with other isotopes in six unstable
zones.

* Eu-154 occurs in one stable zone with Cs-137 and Co-60, and in one undetermined zone with
Cs-137 and Co-60.
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Radionuclide Half Life Decay
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Figure S. Radionuclide Half-life Decay Rates

Table 7. Half-life of Isotopes Identified In the C Tank Farm Boreholes

Isotope Half Life (yrs)
Co-60 5.27
Eu-154 8.50
Cs-137 30.17
Ru-106 1.02

3.2 Depth of Contamination

About three-quarters of the dry wells within the C Tank Farm show some contamination; 48 of 70
wells (68%). Thirty-five wells show surface contamination (categorized as Tank Farm Activity) from
ground surface to depths as great as 39 feet. Fourteen Tank Farm Activity zones are restricted to
the upper 10 feet and all contain only Cs-137. In some boreholes, surface contamination (i.e., TF
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Activity) is the only contamination in the borehole; in others, it is the uppermost zone of
contamination, with other contaminant zones at greater depth.

Figures 4, 5, and 6, depict borehole locations (centered beneath the borehole name) and contaminant
information. Figure 4 illustrates the depth to the top of contamination and the isotope(s) present at
that depth. Figure 5 illustrates the depth to the bottom of contamination and the isotope(s) present
at that depth. Figure 6 shows locations where GTP values are greater than 1,000 ft*/s Most
contaminant zones are less than 20 feet thick. The range in thickness is from 5 feet (30-04-0 1 and
30-04-04) to 39 feet (30-05-03).

Several boreholes contain multiple zones, with a maximum of four zones in two boreholes (30-04-08
and 30-08-02). The observable maximum depth of contamination (Figure 5) is dependent on the
depth to which detectors penetrated the subsurface. There appears to be one case in the C Tank
Farm where gross gamma logging data indicate that gamma-emitting contaminants reached the
bottom of a borehole (30-03-0 1).

It should be noted that on various stack plots for the period before 1983, there appears to be
contamination at the bottom of a borehole that doesn't appear after the log survey start and stop
depths were controlled by computer. This apparent contamination at the bottom of the borehole
resulted from longer counting times due to operators activating the instrument a few to several
seconds before activating the hoist to move the logging tool up the borehole. The absence of
contamination after 1983 and the lack of confirmation by SGLS logging indicate that the
contamination seen at the base of numerous boreholes before 1983 is apparent rather than real
(resulting from tank farm operations, i.e. logging practices).

Depth control issues related to logging make much of the data at the surface prior to 1983 unusable
for evaluating contaminant conditions. Changes and variability in background values in the 1970s
through the early 1980s were common in many boreholes. Depth control issues inhibit the ability to
identify any downward movement of contamination prior to 1983. However, where depth control is
not an issue, data analysis can identify movement of contamination by the changes in the gross
gamma ray activity occurring at a rate that is faster than the decay rate of the isotope(s) present in
the zone.

Summary Report Page 25



RPP-8321, Rev. 0.

C Tank Farm

Contamination
Top Depth (ft) & Isotope

N w l 24 3 %IS1 "

W12-

3011-11 0 1

0IOto

-" C-111 C-109
30-10-01 30-012

MO-1.1 1.02 14-.

3 C-110 C-1 08 -- C-1 06

30400-M0

C-1 07 C-105 r44; C-1 03

3030-"1

C-104 C-1020300 C-2102

q, C-101

Sca Fu 4. Co

FIgure 4. C Tank Farm Top of Contamination

Summary Report Page 26



RPP-8321, Rev. 0.
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3.3 Contaminant Mobility

The mobility of contaminants in the subsurface is examined by reviewing the zones with categories
of: unstable, unstable-early, and undetermined. Thirty-one zones in the C Tank Farm match these
three categories. Twenty-two of these zones are deep in the subsurface, at or below the base of the
under ground tanks. Cesium-137, which is generally considered to not be mobile, is the sole
contaminant in 10 of these zones. Co-60 is the sole contaminant in 11 of these zones.

Plots of the GTP with time illustrate movement of contaminants either into or out of a zone, and the
stack plots can illustrate a change of position of contaminants within the zone. Table 8 lists these 31
zones in which contaminant mobility is most likely to be present (unstable, unstable-early, and
undetermined) along with the type of contaminant mobility observed from the analysis of the
historical gross gamma logs. Table 8 is ordered by borehole number.

In several zones (four) the mobility of the contamination can not be determined with out further
detailed monitoring log surveys, for two reasons. First, the amount of contamination is low level,
which made detection above the background activity difficult. Second, there is a gap in the historic
logs (loss of survey data) during 1983 in which the disk database over flowed before the data was
copied to computer backup tapes. The contaminant mobility in these zones is identified as "Not
Available". The GTP plots of these zones typically show higher values before the data gap in 1983
than after the gap and frequently have indications of increasing or changing contamination levels
before the data gap.

Table 8. Contaminant Mobility In the C Tank Farm
Borehole Zone Depth Category Contaminant Mobility A B C

_ _(ft) In, "Cos Period Increase Migration NA
30-00-01 58-70 Undetermined Cs 1975-1984 A

30-00-11 3-14 Undetermined "'Cs 1977-1990 A

30-00-22 0-13 Undetermined U'Cs 1977-1989 A

30-01-06 30-41 Unstable Early "'Cs 1979-1983 A

30-03-01 40-70 Undetermined "'Cs 1984-1986 C
30-03-01 90-125 Unstable WCo 1975-1989 A B

30-03-03 14-70 Undetermined '"Cs 1975-1983 C

30-03-03 78-100 Unstable Early mCo,lmRu 1975-1978 A

30-03-09 73-94 Unstable MCo 1975-1991 A B

30-04-01 8-22 Undetermined "'Cs 1975-1986 C

30-04-02 32-60 Unstable Early WCo 1975-1987 A B

30-04-03 30-48 Unstable wCo 1980-1993 8

30-05-02 14-26 Undetermined "'Cs 1975-19B3 C

30-05-02 68-84 Unstable Early "'Cs,WCo 1975-1978 A

30-05-03 67-80 Unstable WCo 1975-1990 A B

30-05-05 40-56 Unstable "Cs 1975-1995 8

30-05-05 56-84 Undetermined "'Cs,-Co 1975-1984 A

30-05-07 45-66 Undetermined "'Cs 1980-1988 B

30-05-08 11-26 Undetermined ICs, Co,'Eu 1975-1977 B
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Borehole Zone Depth Category Contaminant Mobility A B C
(ft) Period Increase Migration NA

30-05-08 26-53 Undetermined Cs, Co 1975-1985 B

30-05-10 17-35 Unstable Early 1"Cs,"Co,' Ru 1975-1976 A
30-06-10 86-115 Unstable Co 1982-1998 A
30-06-12 14-26 Unstable Early JlCs.Co 195-1979 A

30-08-02 46-55 Unstable WCo 1980-1985 B

30-08-02 55-84 Unstable Co 1980-1988 B

30-09-01 88-100 Unstable Early '3 tCs.MCo 1975-1977 A
30-09-02 40-58 Unstable WCo 1975-1985 A
30-09-06 72-88 Unstable Early WCo 1980-1986 A B
30-09-07 72-90 Unstable WCo 1982-1991 B

30-10-09 40-60 Unstable Early iRu 1975-1982 B

30-12-01 34-48 Unstable Early 'Co, "Ru 1977-1978 A
Ru-lo does not fit the rapid decay, thus most likely rapid contaminant migration.

A: GTP (contaminant) increasing in zone
B: Contaminant in zone remains constant but migrates within zone to lower depths
C: Low contaminant level and loss of historic data (1983) prevents determination of mobility, not available

If contamination movement is identified through analysis of borehole logs, whether downward or
laterally, it is reasonable to assume that movement would continue in the same manner beyond the
proximity of the borehole, provided subsurface conditions have not changed. Movement may also
occur in locations where there are no boreholes and thus go undetected. It is also possible that
contaminants other than gamma-emitting radionuclides are moving but are not detected by gross
gamma logging.

3.4 Isotopes Identified

Four man-made isotopes are known to be, or hypothesized to have been present, in the C Tank Farm
at or above the detection limit based on the IIPGe and gross gamma ray log analysis. They are listed
in Table 7 along with the half-life of each. The most abundant isotope in the C Tank Farm is Cs-137
which occurs in 71 (of 89) zones, in 61 of which it is the only isotope. Cobalt-60 is the second most
common isotope, having been identified in 22 zones; it is the only isotope in 12 of these zones.
Europium-154 was detected in just one zone, and occurs with other isotopes. Ruthenium-106 was
detected in nine zones, and was identified with other isotopes in five of these zones.

3.5 Subsurface Conditions During the Monitoring Period

Data evaluation in this report is limited to the period when digital data were first captured in 1975
to the last digital data collection in 1994-1999. Data collection extends only to 1989 in dry well 30-
08-02. Six general conditions are possible concerning contamination over the time interval during
which digital data were acquired:

1. Subsurface conditions were unstable at the beginning of digital logging and then apparently
became stable,
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isotopes present in contaminated intervals that were identified during the nearly twenty-year period
that the digital dry well data were collected.

Subsurface contaminant conditions were identified and categorized during the analysis of the
historical dry well data. The categories identified include clean, tank farm activity, undetermined,
stable, and unstable. (Note that the category of unstable is further subdivided into 1) unstable,
meaning at the end of data collection, the change of GTP with time was not following a known decay
curve; and 2) unstable early, meaning stability was reached before the end of data collection.) This
classification reflects the conditions in which contamination is present (or not present) within the
period gross gamma ray data were collected electronically. It does not represent the conditions
within the subsurface after 1994. However, an assumption that the trend of the data might continue
unaltered past 1994 seems reasonable, barring any event that changes the hydrogeologic or
geochemical conditions in the subsurface or the total contaminant inventory.

There are 22 dry wells that are classified as Clean in the C Tank Farm. Five of ten peripheral
boreholes are classified as clean. Three peripheral wells have contamination with GTP greater than
1000 ft*cls. They are Tank Farm Activity in dry well 30-00-03 and Undetermined Activity in dry
wells 30-00-11 and 30-00-22. There are several tanks (e.g., tanks C-103, C-104, C-105, C-106, C-107,
C-108, C-109 and C-112) which there is limited surface contamination categorized as Tank Farm
Activity. These are all listed as *sound tanks (Hanlon, 2000). Tank C-101 has one dry well
categorized as tank farm Activity, and this tank is listed as assumed leaker (Hanlon, 2000). The
designation of a tank as "sound" refers only to the integrity of the tank itself, and not the associated
piping and facilities [e.g., valve or diversion boxes, pits etc which could easily be the location where
containment was lost].

There is little or no correlation between dry wells with unstable early and unstable contaminant
zones and "assumed leakers" (Hanlon, 2000). For example, tanks C-101, C-110, and C-111 are
categorized as 'assumed leaker", but no unstable early or unstable categorized zones are found
surrounding these tanks. C-101 tank does have one undetermined zone at the south side of the tank,
(30-01-06 at depth of 30-41 feet). The majority of the unstable early and unstable zones are around
tanks C-103, C-104, C-105, C-106, C-108, and C-109.

The most common gamma-emitting isotope present in the subsurface of the C Tank Farm is Cs-137,
which was detected in 72 of 87 zones of contamination in the C Farm dry wells. In 62 of these zones,
it is the only isotope. It most commonly occurs in the shallow subsurface (typically less than 20 feet)
[Tank Farm Activity zones].

The second most abundant isotope in C Farm is Co-60, which occurs in 23 zones throughout the
farm. This isotope typically occurs at a depth of 40 feet or greater. Only three of these zones have
maximum depths less than 50 feet, which is near the bottom of the excavation for the tanks.

There are 45 zones of contamination with GTP equal to or greater than 1,000 ft*c/s (Nal probe type
04) in the C Tank Farm; 23 of these are due to tank farm activities. These zones are primarily
concentrated around tanks in the east-central part of the farm (C-103, C-104, C-105, C-106, and C-
108).

Information on how or whether geology and/or geochemistry affect the direction, rate and extent of
isotope migration in the subsurface is not considered in this report. However, it is noted in several
boreholes that total gamma due to natural potassium-40, uranium and thorium shows a marked
change at about the base of backfill (i.e., the top of the natural, in-place strata at a depth of 45 -50
feet) in the C Tank Farm. This interface between materials of apparently different compaction (and
therefore soil densities) may have influenced the mobility and distribution of contaminant isotopes.
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Brief Listing of General Observations and Special Data
Presentation Conditions

General Observations

Several re-occurring features in the gross gamma surveillance logs are listed in the following-

* The stack plots for many boreholes show elevated data readings at the bottom of a several
surveys before 1984. The HPGe survey may or may not detect contamination at the bottom of
the borehole. These elevated readings at the bottom of the borehole were examined and a grade
thickness product calculation was frequently performed. The readings vary between low and
high count-rates for successive surveys and are consistent with the result of manual operation of
the logging equipment (before computer based depth control). The grade thickness product plot
is not presented unless detectable levels of contamination are present.

* Depth control after 1984 is excellent and detailed survey features can be analyzed in complex
contaminant structures after this date.

* Around 1985, the frequency clean plot often shows a drop to a value slightly less than 100%. This
effect is caused by the zero readings at the surface (i.e., a change in logging procedure).

* The first 2 to 5 surveys in 1975 often show an average (natural) background that is higher than
the remaining surveys.

* Occasionally, different files with different dates show the exact same data indicating electronic
.x copying errors.

) " Before the onset of depth control (around 1984), the bottom reading for surveys varies between
low and high count-rates for successive surveys. The pattern between surveys is apparently
random.

* The HPGe minimum detection limit for the gamma-emitting contaminants is less than the Tank
Farms gross gamma surveillance probe detection limit. The detection limit for the Tank Farm
logging system is about 5 pCi/g for single casing and higher for double casing.

Special Presentation Conditions

Several analysis processing and presentation methods are listed in the following:

* No data are deleted from the presentation plots; thus spurious surveys are often viewed.
* Stack plots are generated from a selected frequency (most common is quarterly). There is no

selection based upon interpreted validity of the survey.
* During analysis each survey is processed and analyzed, even when some surveys are not viewed

in a specific plot, such as the stack plot. A few anomalous (spurious) surveys can be presented on
the stack plot that have invalid data (generally due to tool failure). And the following survey,
generally the next day, is consistent with the surveys prior to the anomalous survey.

* The oldest and latest survey plots on a grade thickness plot are not necessarily the first and last
in the electronic data set. The oldest and latest surveys that represent the true vadose zone
condition are shown in the GTP and Clean plots. Thus the dates on the log plots may not match
the dates listed in the table on the header page preceding each dry well presentation.

* The random readings at the bottom of surveys before 1984 are judged not valid unless the SGLS
data indicates a measurable quantity at the bottom of a dry well.
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* While other probe data exists in the set analyzed, these data are not processed in this work scope
unless they affect the conclusion for the stability of the dry well. However, the presence of these
data may be useful to the reader, and thus are listed in the table of the header page.
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Tank C-100

Table of Contents
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Borehole 30-00-12.....................................................................................................................63
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Borehole 30-00-22.....................................................................................................................'72
Borehole 30-00-24.....................................................................................................................76

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
"C" Tank Farm in general, and are not associated with a specific tank.

Special Notes: Borehole 30-00-11 has high gross for the level of Cs-137 reported with the HPGe log
data. This indicates the possibility of either a remote Cs-137 source, or the presence of a strong beta
only source, (such as Sr-90).
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Borehole 30-00-01

Contamination (Cs- 137) from 0-5 feet is Tank Farm Activity.
Contamination (Cs-137& Co-60) from 58-70 feet is

Undetermined.

Grade thickness product over 0 to 5 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product may
be consistent with the decay from Cs-137 (HPGe identified), but the levels in gross
gamma are so low during this time period, they cannot be distinguished from
background.

The zone from 58 to 70 feet was examined for the HPGe identified Co-60. No
historical trend above background difference from the Cs-137 was observed in the
grade thickness product for this interval. It is possible that the observed Co-60 is a
small and recent influx. There is also some statistically insignificant indication of
grade thickness product increase from 1975 to 1980. Since the poor statistical
response cannot yield a rigorous classification, and the lack of a Co-60 character to
the grade thickness product, the zone is classified undetermined.

Gross Gamma Survey Information
Probe Type Processed: 04: Na!

Other Probe Types: 03: Neutron
Survey Depth: 100 ft (<1976); 80 ft (1976-1980); 70

ft(1980-1994)
First Survey Date: 1/10/1975
Last Survey Date: 10/5/1993

Number Surveys Processed: 208

Analysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination 0-5 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-00-03

Contamination (Cs-137) from 0-7 feet is Tank Farm Activity.

Grade thickness product over 0 to 7 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
still not consistent with the decay from Cs-137 (HPGe identified).

Gross Gamma Survey Information
Probe Type Processed: 04: Na

Other Probe Types: 03: Neutron
Survey Depth: 120 ft

First Survey Date: 1/10/1975
Last Survey Date: 10/05/1993

Number Surveys Processed: 194

Analysis Notes
Method Used to Compute Fixed background (0-50 ft)

Background:
Depth(s) where Contamination 0-7 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-00-06

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 110 feet. The HPGe logging system detected Cs-137 at
less than 2 pCi/g, except near the surface (less than 2 feet).

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
SurveyDepth: 110 ft

First Survey Date : 1/10/1975
Last Survey Date: 6/17/1993

Number Surveys Processed: 163

Analysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-00-06
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Borehole 30-00-09

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 55 feet. The HPGe logging system detected Cs-137 at 5
pCi/g at 2 feet, and less for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 55 ft

First Survey Date: 1/10/1975
Last Survey Date: 10/5/1993

Number Surveys Processed: 350

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination 0-5 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-00-09
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Borehole 30-00-10

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 55 feet. The HPGe logging system detected Cs-137 at 2
pCi/g near the surface (1 feet), and less for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth : 55 ft

First Survey Date : 1/10/1975
Last Survey Date: 6/17/1993

Number Surveys Processed: 164

Analysis Notes
Method Used to Compute Threshold O<val<50

Background :
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-00-11

Contamination (Cs-137) from 3-14 feet is Undetermined.

Grade thickness product over 3 to 14 feet may suffer from depth control errors prior
to 1986, but after 1986 depth control errors should not affect the grade thickness
product results. Between 1986 and 1990 there is no agreement between observed
grade thickness and the Cs-137 (HPGe identified) decay. The data collection
frequency is too low after 1990 to make an assessment of the classification from
1990 to 1994, thus the category is undetermined.

The level of Cs-137 from the HPGe survey would not typically generate the observed
level of gross gamma. This indicates the possibility of either a remote Cs-137
source, or the presence of a strong beta only source, (such as Sr-90).

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 58 ft

First Survey Date : 5/13/1977
Last Survey Date: 6/17/1993

Number Surveys Processed: 168 -

Analysis Notes
Method Used to Compute Threshold <val<50

Background:
Depth(s) where Contamination 3-14 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific

.J
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Borehole 30-00-12

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 145 feet. The HPGe logging system detected Cs-137 at 0.4
pCi/g or less from 2 to 145 feet, but a high reading at 0 ft of 13 pCi/g.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 145 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/17/1993

Number Surveys Processed: 162

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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30-00-12 Combination Plot
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Borehole 30-00-12
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Borehole 30-00-13

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1977 and 1994 in
the vadose zone from 2 to 65 feet. The HPGe logging system detected Cs-137 at 0.5
pCi/g near the surface (1 feet), and no other detection for the remainder of the
logged depths.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 55 ft

First Survey Date: 5/13/1977
Last Survey Date: 6/17/1993

Number Surveys Processed: 166

Analysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-00-13
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Borehole 30-00-22

Contamination (Cs-137) from 0-13 feet is Undetermined.

Grade thickness product over 0 to 13 feet may suffer from depth control errors prior
to 1986, but after 1986 depth control errors do not affect the grade thickness
product results. Between 1986 and 1994 there is good agreement between observed
grade thickness product for this interval and the Cs-137 (HPGe identified) decay.
Since both the data collection frequency from 1986 to 1994 is too low, and the lack of
data match prior to 1986, the category is classified undetermined.

Gross Gamma Survey Information
Probe Type Processed: 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 55 ft

First Survey Date : 5/6/1975
Last Survey Date : 6/17/1993

Number Surveys Processed: 180

Analysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination 0-13 ft Undetermined

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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RPP-8321, Rev. 0

Borehole 30-00-24

Contamination (Ru-106) from 14-24 feet is Stable.
Contamination (Ru-106) from 24-40 feet is Stable.

Grade thickness product over 14 to 24 feet is decreasing consistent
(Hypothesis) decay. The zone category is stable.

Grade thickness product over 24 to 40 feet is decreasing consistent
(Hypothesis) decay. The zone category is stable.

with Ru-106

with Ru-106

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 60 ft

First Survey Date: 8/13/1977
Last Survey Date: 6/17/1993

Number Surveys Processed: 175

Analysis Notes
Method Used to Compute Threshold 0<val<50 for 14-24 feet;

Background: Fixed background (45-53 ft) for 24-40
feet

Depth(s) where Contamination 14-24 & 24-40 ft Stable
Identified in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Tank C-101

Table of Contents
Tank C-101..................................................................................................................................,81

Borehole 30-01-01....................................................................................................................82
Borehole 30-01-06....................................................................................................................86
Borehole 30-01-09.................................................................................................................... 92
Borehole 30-01-12.................................................................................................................... 97

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 101 in the "C" Tank Farm.

Special Notes: None
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Borehole 30-01-01

Contamination (Co-60 & Ru-106) from 30-53 feet is Stable.

The grade thickness product over 30 to 53 feet is decreasing at a rate consistent
with the least square fit of Co-60 (HPGe identified) and Ru-106 (hypothesis). The
resulting least square ratio of gross gamma from Co-60 to gross gamma from Ru-
106 as of 1/10/1975 is 0.238, The zone category is stable.

Gross Gamma Survey Information
Probe Type Processed : 04: Na!

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/22/1994

Number Surveys Processed: 481

Analysis Notes
Method Used to Compute Fixed Background (10-30 ft)

Background:
Depth(s) where Contamination 30-53 ft Stable

Identified in Gross Gamma Surveys :
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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7)

Grade thickness product over 71 to 83 feet is decreasing consistent
(Hypothesis) decay. The zone category is stable.

Grade thickness product over 83 to 95 feet is decreasing consistent
(Hypothesis) decay. The zone category is stable.

with Ru-106

with Ru-106

Gross Gamma Survey Information
Probe Type Processed: 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/22/1994

Number Surveys Processed: 311

Analysis Notes
Method Used to Compute Fixed Background (40-60 ft) for 30-41

Background: ft
Zero Background 71-83 & 83-95 ft
(fit)

Depth(s) where Contamination 30-41 ft Unstable Early
Identified in Gross Gamma Surveys: 71-83 & 83-95 ft Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

Tank C-101

Borehole 30-01-06

Contamination (Cs-137) from 30-41 feet is Unstable Early.
Contamination (Ru-106) from 71-83 feet is Stable.
Contamination (Ru-106) from 83-95 feet is Stable.

Grade thickness product over 30 to 41 feet increases from 1979 to 1980, and after
1983 is consistent with Cs-137 (HPGe identified) decay. The category is unstable
early.
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Borehole 30-01-09

Contamination (Cs-137) from 20-33 feet is Stable.
Contamination (Cs-137 & Ru-106) from 33-60 feet is Stable.

Grade thickness product over 20 to 33 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable. The HPGe log data analysis
showed both Eu-154 and Eu-152 in this interval. This identification may be in error
due to the following observations. At 27.5 feet a single observation of Eu-154 and
Eu-152 is quoted at greater than 100 pCi/g, with no detection 6 inches above or
below this depth. The gamma detector in the borehole would see a single hot spot 6
inches away from the most intense depth.

The grade thickness product over 33 to 60 feet is decreasing at a rate consistent
with the least square fit of Cs-137 (HPGe identified) and Ru-106 (hypothesis). The
resulting least square ratio of gross gamma from Cs-137 to gross gamma from Ru-
106 as of 1/10/1975 is 0.027. The zone category is stable.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/22/1994

Number Surveys Processed: 317

Analysis Notes
Method Used to Compute Fixed Background (5-17 ft) for 20-33

Background: & 33-60 ft
Depth(s) where Contamination 20-33, 33-60 ft Stable

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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'$1

Borehole 30-01-12

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity.
Contamination (Cs-137) from 10-18 feet is Stable.

Grade thickness product over 0 to 10 feet is erratic and highly variable from 1975 to
1984, indicative of tank farm activity. Since 1984, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 10 to 18 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 6/22/1994

Number Surveys Processed: 344

Analysis Notes
Method Used to Compute Fixed background (20-60 ft)

Background:
Depth(s) where Contamination 0-10 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 10-18 ft Stable
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific

Tank C-101 Page 97



LO0LV3 )lUej

Depth (feet)
8 2 e a 8 ao 0

I. I I
I II I I I I I I I 1 I II

-t -r'-

--------------------------- 1--- ----------- -
I I I I I I I I I
I I I I I I I

a

C!

- I II I I I I

I l iI I-
01-1 V AI JI I I

I I I I
-& 0 0
o 0

-4
0

0,
0

I I I
0)

0 0

Depth (feet)

0 H'LCdd

a

4.

86 e6edj

0

r liI I I I

I0-
Wa

II I I I

I I I I I I I I I I

if. i' i I I I I I * I

- I I I I F I I I I

-~~. V". I I I~

UPh
40

0
0

0

0

0-0

0

a

LA

0

0

*0
CAa

*4
(A
I43'

-I
0
-4.w

S

I,

-g

4~-v
07

-- I
C)

1 1 I I I



-J

Borehole 30-01-12

10-

20-

30-

40-

S50-

o 60 -
f .

70-

80 -

90-

100 r

1975 1980 1985
Date (year)

1990
Am,"y , r, Th,, Rl S 

-4
0

C)
-a
0

Ma
a)

to
(D
CD
(n

1995

-a
en
NJ
-a

0
C
0



01/10175
Gamma (c/s)

0 100 200

10

20

30

40

60

70

90

90

I00

U.

1!

50

2'40
0

~20
10

40
20

0

0

C

Borehole 30-01-12

Depth: 0-10 ft
fixed background (20-60 ft)

* Cs-13? Decay Une

a0

00
0 V

00 
0

00

*o 0

0 0.@0 0

.00

975 1980 1985 1990 199
Date (Year

. .. ..

Ii

06/22/94
Gamma (ds)

o i0 200
0

10

20

30

4O0

50

90

100 M(Mderk4

o 250 ace

S
=

-3
0

0

-D
*0

Mu
0)

C)
a

5



,

10

20

30

4D

CA
0
0

01/10/75
Gamma (c/s)

100 200

Borehole 30-01-12

1975

8-
a

so

40

230

220
10

18

40
20
a

0

1980 1985
Date (Year)

1990 19

Ame%* by Wee Rive Scdertit

0-

0

Ca
0.

_ 8-t o

C C -a 0

I
*1

0-
0

C

Depth: 10-18 ft
fixed background (20-60 ft)

Cs-137 Decay Une

0

* 00 0QO~ 0 * :*t.:. * 0.* O*

0a

04

0
50

so

70

so

0

-u
(a
0
a
0a

06/22/94
Ganm (c/s)

0 Ga 0(h 2000
mv 1kw)

10

20

50

601

70

80

0

S 20 W0O

. - .

-0

Ma



RPP-8321, Rev.0

Tank C-103

Table of Contents
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 103 in the "C" Tank Farm.

Special Notes: Borehole 30-03-01 contaminant depth profile changed coincident with well depth
change sometime between 1983 and 1984.
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Borehole 30-03-01

Contamination (Cs-137) from 0-30 feet is Tank Farm Activity.
Contamination (Cs-137) from 40-70 feet is Undetermined.

Contamination (CO-60) from 90-125 feet is Unstable.

Grade thickness product over 0 to 30 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 40 to 70 feet is complicated by the well deepening
sometime between July 1982 and January 1984. HPGe log data (near 1994)
identified Cs-137 in this depth interval. The grade thickness product demonstrates
two distinct characters over time intervals from 1975 to 1981 and from 1984 to
1994, refer to stack plot, just before and after well deepening. Given this abrupt
depth character change associated with well deepening, the grade thickness product
is computed for two different depth intervals of 42 to 57 feet and 62 to 68 feet; each
is only valid for 1975 to mid 1981, and 1984 to 1994, respectively. Over the valid
time interval of the grade thickness product for 42-57 feet, the determination of the
match with Cs-137 decay is not good from 1975 to 1976. Likewise, the match of
grade thickness product with Cs-137 decay over 52-68 feet from 1984 to 1994 is not
good from 1984 to 1986. In both cases, the statistical errors make conclusion
difficult, thus the classification is undetermined. Note that the depth profile of
contaminant changing associated with the well deepening, indicates contaminant
may be cause by near borehole drag-down during deepening.

Grade thickness product over 90 to 125 feet is complicated by the well deepening
sometime between 1981 and 1984. HPGe log data (near 1994) identified Co-60 in
this depth interval. Even ignoring the grade thickness product data before 1984,
there is no match with Co-60 decay from 1984 to 1995. There may be a match
between Co-60 decay and the grade thickness product from 1990 to 1995, but
insufficient monitoring period to make this classification. Thus the interval is
unstable.

Tank C-103 Page 103
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Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft @(<1984), 125 ft (1984-1995)

First Survey Date : 1/10/1975
Last Survey Date: 11/22/1994

Number Surveys Processed: 681

Analysis Notes
Method Used to Compute Fixed Background (30-40 ft) for 0-30,

Background: 42-57 & 52-68 ft
Fixed Background (70-88 ft) for 90-
125 ft

Depth(s) where Contamination 0-30 ft Tank Farm Activity
Identified in Gross Gamma Surveys: 40-70 ft Undetermined

90-125 ft Unstable
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-03-03

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity.
Contamination (Cs-137) from 14-40 feet is Undetermined.

Contamination (Co-60 & Ru-106) from 78-100 feet is Unstable
Early.

Grade thickness product over 0 to 14 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 14 to 40 feet is undetermined. The gross gamma over
this interval may be influenced by the higher level from 10 to 14 feet coupled with
depth control error prior to 1984. From 1984 to 1994 the grade thickness product is
consistent with Cs-137 (HPGe identified) decay.

Grade thickness product over 78 to 100 feet is consistent with least
Co-60 (HPGe identified) and Ru-106 (hypothesis) decay after 1978.
least square ratio of gross gamma from Co-60 to gross gamma from
1/10/1975 is 0.085. The grade thickness product deviation from the
results in a classification of unstable early.

square fit for
The resulting
Ru-106 as of
fit prior to 1978

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 130 ft

First Survey Date : 1/10/1975
Last Survey Date : 11/22/1994

Number Surveys Processed: 550

Analysis Notes
Method Used to Compute Fixed background (42-75 ft)

Background:
Depth(s) where Contamination 0-14 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 14-40 ft Undetermined
78-100 ft Unstable Early

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 30-03-05

Contamination (Cs-137) from 0-20 feet is Tank Farm Activity.

Grade thickness product over 0 to 20 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Gross Gamma Survey Information
Probe Type Processed : 04: Na

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date : 11/22/1994

Number Surveys Processed: 515

Analysis Notes
Method Used to Compute Fixed background (25-45 ft)

Background:
Depth(s) where Contamination 0-20 ft Tank Farm Activity

Identified in Gross Gamma Surveys :.
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-03-07

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.
Contamination (Cs-137) from 42-54 feet is Stable.

Grade thickness product over 0 to 12 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 42 to 54 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 130 ft

First Survey Date : 1/10/1975
Last Survey Date: 11/22/1994

Number Surveys Processed: 499

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination 0-12 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 42-54 ft Stable
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-03-09

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.
Contamination (Cs-137) from 40-52 feet is Stable.

Contamination (Co-60) from 73-94 feet is Unstable.

Grade thickness product over 0 to 12 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 40 to 52 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable.

Grade thickness product over 73 to 94 feet is complex. There is some indication of
downward movement from 1985 to 1995, and lateral influx for the depths between
84 to 94 feet. The presence of downward movement alone can generate the
classification of unstable. Three grade thickness products were computed and
plotted for depth intervals of 73-84, 84-94, and 73-94 feet, in order to examine more
closely the possibility of lateral influx. They all show similar character of decline
from 1975, with increase from 1985 until 1990. The match of the grade thickness
product from 1990 to 1995 is insufficient time period of monitoring to make a
classification, thus the category is unstable. Since the entire depth zone grade
thickness product (73-94 feet) shows increase from 1985 to 1988, and the stack
shows downward movement over this time, the conclusion is both lateral influx and
possible downward movement.
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Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 11/22/1994

Number Surveys Processed: 553

Anal sis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination 0-12 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 40-52 ft Stable
73-94 ft Unstable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Tank C-104

Table of Contents
Tank C-104..................................................................................................................................136

Borehole 30-04-01...................................................................................................................137
Borehole 30-04-02...................................................................................................................142
Borehole 30-04-03...................................................................................................................148
Borehole 30-04-04...................................................................................................................154
Borehole 30-04-05..................................................................................................................159
Borehole 30-04-08..................................................................................................................163
Borehole 30-04-12...................................................................................................................172

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 104 in the 'C" Tank Farm.

Special Notes: None
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Borehole 30-04-01

Contamination (Cs- 137) from 0-8 feet is Tank Farm Activity.
Contamination (Cs-137) from 8-22 feet is Undetermined.

Grade thickness product over 0 to 8 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 8 to 22 feet is undetermined. The gross gamma over
this interval may be influenced by the higher level from 0 to 8 feet coupled with
depth control error prior to 1986. From 1987 to 1994 the grade thickness product is
consistent with Cs-137 (HPGe identified) decay.

Gross Gamma Survey Information
Probe Type Processed : 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 50 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/8/1994

Number Surveys Processed: 440

Analysis Notes
Method Used to Compute Threshold 0<val<50 for 0-8 ft

Background: Fixed background (10-50 ft) for 8-22
ft

Depth(s) where Contamination 0-8 ft Tank Farm Activity
Identified in Gross Gamma Surveys : 8-22 ft Undetermined

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 30-04-02

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.
Contamination (Co-60) from 32-60 feet is Unstable Early.

Grade thickness product over 0 to 12 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 32 to 60 feet both decreases faster than Co-60 (HPGe
identified) and occasionally increases from 1975 until 1986. After 1986, the grade
thickness product is consistent with Co-60 (HPGe identified) decay. Also, there is
some indication of downward movement early (1975 to 1984), but later history is not
possible due to such low levels of gross gamma. The category is unstable early.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 135 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/8/1994

Number Surveys Processed: 335

Analysis Notes
Method Used to Compute Fixed background (12-30 ft)

Background:
Depth(s) where Contamination 0-12 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 32-60 ft Unstable Early
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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RPP-8321, Rev.0

Borehole 30-04-03

Contamination (Cs-137) from 0-15 feet is Tank Farm Activity.
Contamination (Cs-137) from 16-30 feet is Stable.

Contamination (Co-60) from 30-48 feet is Unstable.

Grade thickness product over 0 to 15 feet is erratic and highly variable from 1980 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
still not consistent with Cs-137 decay (HPGe identified).

Grade thickness product over 16 to 30 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable.

Grade thickness product over 30 to 48 feet is unstable. Indications of downward
movement are clouded by the end of depth-data at the bottom of the borehole.
Grade thickness product is declining faster than Co-60 (HPGe identified) decay.
The zone may be reaching a match with Co-60 decay by 1995, but there is
insufficient monitoring period for such a conclusion.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron; 14: Shielded Na!
Survey Depth: 50 ft

First Survey Date : 7/3/1980
Last Survey Date: 7/8/1994

Number Surveys Processed: 195

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination 0-15 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 16-30 ft Stable
30-48 ft Unstable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

Tank C-104 Page 148



30-04-03 Combination Plot

0 -

10 -

20 -

30 -

40 -

50 -

ea0-

70 -

so -

90-

100 -

110-

Man-Made

I MU

- I I _
J IL|

LLL

I a -l

- I I ---7-7--7---

10 ' .1 pCpgg 0 
pC/g I 1 1

5 15 25

40K

----------

.. * I -

--- - -]

- - -

--

- -- - - - - -

238u
SI.' I '

I -

- -1
*- I

I- - -I - -

4 |

- -- I* I --

-- ---- - ,

- - - - - -

- I I -jSi -

' I ' '

05 1.0 1.5 pci I
pCilg I . I . I .

Co 05 1.0 1s

7 Th
- I -

*r . I

- I- -

-- -- ---

- * I _

* -- A I
-- --- L--I

- I. - I -

- I I - --

- I , I -

- - - -

- - - - --

- I I -

i-I

Total

_ 5ay. courts: _
23$.542 cps

- -L - -..

-- ---------

--- 4-----

- I -

- c -

o 1JOT 10

cp~s
cps

1 . 00n,,
1 1e 1JOT

-0

- 10

- 20

-30

TF Gross->

-- -- - -

OMx. curts
13,794 cps

-- -----

I 07V08/94:

-------

------ -----

-----------

_ I _.

- 70

- 80

-90

- 100

- 110

-4
CD
J

C,

2

4-4

C)
0

a.-
6
a.
C)
0

- 40

-50 4)

-6Q
a.

_0

CD

(D



Borehole 30-04-03
0

10

20

30

o40
V

50 -

-. 0 CD

6 0 -

70

80

90

100
D 1975 1980 1985 1990 1995

Date (year) Amfy .br 1mn. nWk



40

so

so

70

so.

90

-U
C)(acm
a
Cl'

07/03/80
Gamma (CIS)

0 100 200

nmO Lkw)

a
0
0
0

0
a
0

C
C.
C

c0
(0
-u

no

M
0
a

Borehole 30-04-03
0

10

2D

30

1975

I,

so

40

*30
N220

10

.80
80
40

20
0

1980 1985
Date (Year)

1990

Am .f tt Thrnemscflt
0 1sm

07/08(94
Garm (c/a)

0 100 200
(Nano Lkw)

20

Depth: 0-15 ft

0 0 t13 eayLn

0

0*0

2
R

1995

1 0 0  w
a Isom 300

30

-4
0,

C)
a

0



07/03/80
Gamma (c/S)

0 100 200
-V kw)

20

40

so

00

70

80

90

100

N)
U,

0

0

Ut

0

2

Ot

0

Borehole 30-04-03

o 1-
1975

so

4 0
S30

10

10

60
40

0

1980 1985
Date (Year)

1990

Anyeby: T11.R*ersSdstt
0 5000 30000

0

10

20

30

Depth: 16-30 ft

Cs-137 Decay Une

U0

0C

1995

07/08/94
Gamma (c/s)

(wan n Lk)

70

so

00

- Mde LIP.)

0 16000 30000

40

50

0

0

-U
0)
Ca
a,
hi

0"* Lk-j



RPP-8321, Rev.0

I
I

2 2 2 2 8 2 2 8
Depth (ift)

00 12000 9000 6000 3000

C
0

II.
C

C5 00
0
0
C

0

0
C

C
0'F Co acv,

4-a.a,
0 0

CS

CC

Grade Thickness Product (feerc/s)

I JA
Average

Background (cM)

0

Frequency
Clean (%)

2 R 2 7 8 8 -R 2 8 8
Depth (1t)

Tank C-104

I00p

CD

V
45
C

0

0

an
0

0~

9
9
C1

a)

SO

1501

- S

co
Cv E

E

I
I

Page 153

-- -

-



RPP-8321, Rev.0

Borehole 30-04-04

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.
Contamination (Cs-137) from 8-25 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is erratic and highly variable from 1975 to
1992, indicative of tank farm activity. Cs-137 is HPGe identified. The typical tank
farm activity zones for most of the other wells in this tank farm demonstrate
apparent match of grade thickness product with Cs-137 decay from 1986 to 1994,
but this zone does not show such a match from 1986 to 1994.

Grade thickness product over 8 to 25 feet is erratic from 1975 to 1984, indicating
tank farm activity. Since 1984, the grade thickness product is decreasing consistent
with Cs-137. Cs-137 was identified using HPGe log data.

HPGe log data identified Cs-137 at 3 pCi/g over the depth interval from 40-60 feet.
The historical gross gamma data cannot differentiate between natural gamma
activity and the level of Cs-137 contained in this zone.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date : 7/8/1994

Number Surveys Processed: 425

Anal ysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination 0-8 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 8-25 ft Tank Farm Activity
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific

Tank C-104 Page 154
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RPP-8321, Rev.0

Borehole 30-04-05

Contamination (Cs-137) from 0-20 feet is Tank Farm Activity.

Grade thickness product over 0 to 20 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

HPGe log data identified Cs-137 at 3 pCi/g over the depth interval from 45-55 feet.
The historical gross gamma data cannot differentiate between natural gamma
activity and the level of Cs-137 contained in this zone.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth : 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/8/1994

Number Surveys Processed: 416

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background: 
Depth(s) where Contamination 0-20 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific

Tank C-104 . Page 159
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RPP-8321, Rev.0

Borehole 30-04-08

Contamination (Cs-137) from
Contamination (Cs-137)
Contamination (Cs-137)
Contamination (Cs-137)

0-5 feet is Tank Farm Activity.
from 10-26 feet is Stable.
from 26-38 feet is Stable.
from 38-50 feet is Stable.

Grade thickness product over 0 to 5 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the historical gross gamma
activity cannot distinguish between natural activity and Cs-137 (HPGe identified)
contamination.

Grade thickness product over 10 to 26 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable.

Grade thickness product over 26 to 38 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable. Note that the historical gross
gamma activity just barely differentiates the activity as higher than natural
activity.

Grade thickness product over 38 to 50 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The zone category is stable. Note that the historical gross
gamma activity just barely differentiates the activity as higher than natural
activity.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth : 145 ft

First Survey Date : 1/10/1975
Last Survey Date: 7/8/1994

Number Surveys Processed: 406

Tank C-104
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RPP-8321, Rev.0

Anal ysis Notes
Method Used to Compute Threshold O<val<50 for 0-5 & 10-26

Background: ft; Fixed background of 80-130 ft for
26-38 & 38-50 ft

Depth(s) where Contamination 0-5 ft Tank Farm Activity
Identified in Gross Gamma Surveys : 10-26, 26-38 & 38-50 ft Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

Tank C-104 Page 164



30-04-08 Combination Plot

0

10

20

30

40

50

60

70

80

"'Cs K

z I

1 T--

I I I

J I L 7 1

101 10 -0 -0 10 -cl -

- -- 1 --- -- - - -

- I I
- I I -

----------- - - - -

- I I I - -- -

I I I

10 10e 10' 10' 1' pCi/g -"
pCi/g I I I

S 1s 25

238u

- -' - -I -

- ---

- -
4 r-"----

*l... I

-I I -

05 10 Is pCi/g 10

pCi/g ( I
0.0 05 10 15

-*---f I

- a' --

*k-L

;--b----

-t I

0

10

20

30

Total ) TF Gross y
.couts:

S259 cps-

I i ti l 07/08J94

11111

I I lit

---00 -------
I flll I

- ----- ttt -

11111 107089I11 I

I I lit I

- ------+---- -

I11HT I

I11

- - - -- -- --- --- --

-- ---- it ----I----- -I1I1I1I I

I 1 111 1

11111 I

----- T-T --

500 cps
cps I I I

t0 so 90

-50 w

0

-
C,
C)

0.
C)
0

40

90

100

110

'D

-a

-0
C

-L

70

80

90

00

110



30-04-08 Combination Plot
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RPP-8321, Rev.0
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Borehole 30-04-12

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 135 feet. The
pCi/g near the surface (1 feet), and less
depths.

HPGe logging system detected
than 1 pCi/g for the remainder

Cs-137 at 3
of the logged

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 135 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/8/1994

Number Surveys Processed: 414

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific

Tank C-104 Page 172
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Borehole 30-04-12
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Tank C-105

Table of Contents
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Borehole 30-05-10...................................................................................................................225

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 105 in the C" Tank Farm.

Special Notes: None

N'
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Borehole 30-05-02

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity.
Contamination (Cs-137) from 14-26 feet is Undetermined.

Contamination (Cs-137 & Co-60) from 68-84 feet is Unstable Early.

Grade thickness product over 0 to 14 feet is erratic and highly variable from 1975 to
1997, indicative of tank farm activity. There is no time interval where the grade
thickness product is consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 14 to 26 feet is undetermined. The gross gamma over
this interval may be influenced by the higher level from 0 to 14 feet coupled with
depth control error prior to 1986. From 1984 to 1994 the grade thickness product is
consistent with Cs-137 (HPGe identified) decay.

Grade thickness product over 68 to 84 feet is consistent with a least square fit for
Cs-137 and Co-60 (both HPGe identified) decay after 1977. Before 1977 a
systematic increase is observed. The resulting least square fit ratio of gross gamma
from Co-60 to gross gamma from Cs-137 as of 7/29/1996 is 1.4. The zone category is
unstable early.

Gross Gamma Survey Information
Probe Type Processed : 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 130 ft

First Survey Date : 1/10/1975
Last Survey Date: 7/29/1996

Number Surveys Processed: 569

Analysis Notes
Method Used to Compute Fixed background (30-40 ft) for 0-14

Background: & 14-26 ft
Fixed background (55-68 ft) for 68-84

Depth(s) where Contamination 0-14 ft Tank Farm Activity
Identified in Gross Gamma Surveys: 14-26 ft Undetermined

68-84 ft Unstable Early
Analyst Name : R.R. Randall

Company Name: Three Rivers Scientific

Tank C-105 Page 178
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Borehole 30-05-03

Contamination (Cs-13 7) from 0-39 feet is Tank Farm Activity.
Contamination (Co-60) from 67-80 feet is Unstable.

Grade thickness product over 0 to 39 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified). Computation of sub-zone
grade thickness products for this large depth interval would yield the same result
for any sub-zone due to depth control errors prior to 1986 and the lack of distinct
depth separation of Cs-137 profile from 0 to 39 feet.

Grade thickness product over 67 to 80 feet declines faster than Co-60 (HPGe
identified) decay from 1975 to 1980. An increase is observed from 1984 to 1987. A
possible match of the grade thickness product and Co-60 decay may exist from 1993
to 1997, but there is insufficient monitoring period to make this classification. The
zone is unstable.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/25/1996

Number Surveys Processed: 589

Analysis Notes
Method Used to Compute Threshold 0<val<50 for 0-39 ft

Background: Fixed background (50-70 ft) for 67-80
ft

Depth(s) where Contamination 0-39 ft Tank Farm Activity
Identified in Gross Gamma Surveys: 67-80 ft Unstable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

Tank C-105
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Borehole 30-05-04

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 120 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/25/1996

Number Surveys Processed: 556

Analysis Notes
Method Used to Compute Fixed background (15-38 ft)

Background:
Depth(s) where Contamination 0-8 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific

Tank C-105 Page 190
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Borehole 30-05-05

Contamination (Cs-137) from 0-25 feet is Tank Farm Activity.
Contamination (Cs-137) from 40-56 feet is Unstable.

Contamination (Cs-137 & Co-60) from 56-84 feet is Undetermined.

Grade thickness product over 0 to 25 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 40 to 56 feet is not consistent with Cs-137 (HPGe
identified) decay. This interval has low gross gamma compared to the zone just
below from 56 to 84 feet. Depth control errors before 1986 make a classification
over the time period 1975 to 1984 unclear; however, since 1986 the grade thickness
product is still not consistent with Cs-137 decay. From 1994 to 1997 the apparent
match of grade thickness product and Cs-137 decay does not occur over a
statistically significant period to make a classification of stable, thus the category is
unstable.

Grade thickness product over 56 to 84 feet is undetermined. The gross gamma over
this interval may be influenced by the gross gamma from 40 to 56 feet coupled with
depth control error prior to 1986, thus the deviation prior to 1986 has unknown
cause. From 1986 to 1994 the grade thickness product is consistent with a least
square fit of Cs-137 and Co-60 (HPGe identified) decay. The resulting least square
fit ratio of gross gamma from Co-60 to gross gamma from Cs-137 as of 7/2511996 is
0.065.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types : 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 7/25/1996

Number Surveys Processed: 526

Tank C-1 05 Page 195
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Analysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination 0-25 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 40-56 ft Unstable
56-84 ft Undetermined

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

Tank C-105 Page 196
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Borehole 30-05-06

Contamination (Cs-137) from 0-15 feet is Tank Farm Activity.
Contamination (Cs-137 & Ru-106) from 40-53 feet is Stable.

Grade thickness product over 0 to 15 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

The grade thickness product over 40 to 53 feet is decreasing at a rate consistent
with the least square fit of Cs-137 (HPGe identified) and Ru-106 (hypothesis). The
resulting least square ratio of gross gamma from Cs-137 to gross gamma from Ru-
106 as of 1/10/1975 is 0.135. The zone category is stable.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 60 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/25/1996

Number Surveys Processed:| 537

Analysis Notes
Method Used to Compute Fixed background (18-38 ft)

Background:
Depth(s) where Contamination 0-15 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 40-53 ft Stable
Analyst Name: R.R. Randall

Company Name : Three Rivers Scientific
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RPP-8321, Rev.0

Borehole 30-05-07

Contamination (Cs-137) from 30-45 feet is Stable.
Contamination (Cs-137) from 45-66 feet is Undetermined.

Grade thickness product over 30 to 45 feet is decreasing consistent with Cs-137
(HPGe identified) decay from 1983 through 1997. Indication of difference from 1980
through 1983, for the Red GM probe data is a result of equipment differences before
1984. The zone category is stable.

The HPGe log data was analyzed and Eu-154 was reported in this interval (30-45
feet). This identification may be in error due to the following observations. At 32.5
feet a single observation of Eu-154 is quoted at near 100 pCi/g, with no detection 6
inches above or below this depth. The gamma detector in the borehole would see a
single hot spot 6 inches away from the most intense depth.

Grade thickness product over 45 to 66 feet is not valid for Red GM probe data prior
to 1984. From 1984 to 1988 the grade thickness product does not match the HPGe
identified decay; however, the measurement error is large for the grade thickness
product for this interval. From 1988 to 1997, the grade thickness product matches
the Cs-137 decay. The zone category is undetermined.

Gross Gamma Survey Information
Probe Type Processed : 02: Red GM

Other Probe Types: 04: NaI; 03:Neutron
Survey Depth: 67 ft

First Survey Date: 5/5/1980
Last Survey Date: 7/25/1996

Number Surveys Processed: 319

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination 20-45 ft Stable

Identified in Gross Gamma Surveys: 45-66 ft Undetermined
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 80-05-08

Contamination (Cs-137) from 0-11 feet is Tank Farm Activity.
Contamination (Cs-137, Eu-154, & Co-60) from 11-26 feet is

Undetermined.
Contamination (Cs-137 & Co-60) from 26-53 feet is

Undetermined.

Grade thickness product over 0 to 11 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Grade thickness product over 11 to 26 feet is affected by depth control errors prior
to 1986, which clouds classification with a match of Cs-137, Eu-154, and Co-60 (all
HPGe identified). Since 1986, there is consistent match of the grade thickness
product and the least square fit for the three radionuclides. The least square fit
ratio of gross contribution from Cs-137:Eu-154:Co-60 is 2950:5201:50 as of 12/10/99.
The classification is undetermined due to interference before 1986.

Grade thickness product over 26 to 53 feet is complex, thus the normal plot
presentation for the grade thickness product and a second plot in semi-log format.
The grade thickness product from 1975 to 1995 shows a conventional two
component exponential decay with one rapid and the other slower. However, the
decay rates of the observed grade thickness product are not representative of the
radionuclides HPGe identified of Cs-137 and Co-60. The Co-60 decay rate is shown
in the red line for reference and clearly is much slower than the observed grade .
thickness product from about 1982 to 1995. From 1982 to 1995, the grade thickness
product matches a decay half-life of 2.6 years. Note that Na-22 has a half-life of 2.6
years, but this isotope was not HPGe identified. A rapid decay radionuclide may go
undetected by the HPGe logged in 1997 (old RLS HPGe logged in 1993) due to decay
to low levels, while a historical gross gamma may identify such rapid decay. Ru-106
is one example of this effect. Alternatively, the Co-60 HPGe identified may have
moved out of this zone with an exponential character that seems to match 2.6 year
half-life. Given this level of complication and the lack of any reason to expect Na-
22, the zone is classified undetermined.
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Gross Gamma Survey Information
Probe Type Processed : 04: Na

Other Probe Types: 03: Neutron
Survey Depth: 50 ft

First Survey Date: 1/10/1975
Last Survey Date: 12/10/1998

Number Surveys Processed : 594

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination 0-11 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 11-26 & 26-53 ft Undetermined
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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Borehole 30-05-09

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay from Cs-137 (HPGe identified).

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/25/1996

Number Surveys Processed: 513

Analysis Notes
Method Used to Compute Fixed Background 13-38 ft

Background:
Depth(s) where Contamination 0-8 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.R. Randall

Company Name: Three Rivers Scientific
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RPP-8321, Rev.0

Borehole 30-05-10

Contamination (Cs-137) from 0-17 feet is Tank Farm Activity.
Contamination (Cs-137, Co-60 & Ru-106) from 17-35 feet is

Unstable Early.

Grade thickness product over 0 to 17 feet is erratic and highly variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product may
be consistent with the decay from Cs-137 (HPGe identified); however, the gross
gamma levels are too low to make a clear classification.

Grade thickness product over 17 to 35 feet increases from 1975 to 1976, and after
1976 is consistent with a least square fit for Cs-137, Co-60 (both HPGe identified),
and Ru-106 (hypothesis) decay. The resulting least square ratio of gross gamma Co-
60:Cs-137:Ru-106 as of 1/10/1975 is 265:26:420. The category is unstable early.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 135 ft

First Survey Date : 1/10/1975
Last Survey Date: 712511996

Number Surveys Processed: 513

Anal ysis Notes
Method Used to Compute Fixed Background 35-49 ft for 0-17 ft

Background: Background set at 20 cps/1ft for 17-35
ft

Depth(s) where Contamination 0-17 ft Tank Farm Activity
Identified in Gross Gamma Surveys: 17-35 ft Unstable Early

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Tank C-106
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 106 in the 'C" Tank Farm.

Special Notes: None
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Borehole 30-06-02

Contamination (Cs-137) from 0-16 feet is Tank Farm Activity.

Grade thickness product over 0 to 16 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 10 pCi/g from the surface to 15 feet and is less than 1 pCi/g from 15 to 60
feet.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types : 03: Neutron
Survey Depth : 123 ft

First Survey Date : 1/10/1975
Last Survey Date : 1/29/1999

Number Surveys Processed: 631

Analysis Notes
Method Used to Compute Fixed background (20-45ft)

Background:
Depth(s) where Contamination 0-16 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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30-06-02 Combination Plot

07Cs 0K 238u 2Th Total y TF Gross 0
11101 ' l i .. i,, I, el l 1111 0

0 - --- -..-- --

10 - -~ ~ ~~~- - - - - -- - --- - - -. -_- -- _ -_- _ _ _ _ - 30

40-- - - - - -M

1 ------ --------- - ------------- -10

* - ~ - -I

20 ---..- L- -4 -----4 ~j-------- -------------- -- ---

I - - - -- - - - - - -___ -_ _ - 701

1 T -0 - 0 -r - 1- 1- -: 2- - -

p- 
T --* 

5
AS -.

ion

IL! I i-

10I1IIVtIV

1T- I10e 1 pgtg 09 05 10 Is30

CAP3 S25 0D 05 .0 Is 0 25 s

CA)



30-06-02 Combination Plot

100 -

110 -

120 -

130-

140-

I~ I

..*.L

- I -

I |I
\ -

--- 0-----

- --t - - I - -

-- - -- --

- - - - I - -

-- - - - -

- In F Iffi -iif

4K

f
----- I- ---

-- -- --

L fI

. I I -

e |

- I I -

I I

--- 4--+--
I I

- I I -

--- 4- --

I I

10. 10* 1C' 10 pO/g 00 05 1 1- pOg 10

p0iig pCig I In I'
1 I 25 00 05 ID V.S

- Ia' I -]
IQ 7

-- -L -- 2

I I
I- - - -

I I

-- - - -

- - -- --

Total y

- ,I

------I-----
---- 4-----

- I

---------

- I

----- I-----

- I

- I

cpS
I LmLiI , I

* 25 50

Ica

-110

r 120

130

TF Gross y

-----------

-----+-----

I

-

- +-I --

-- - - -

-- I - -

-140

- 150

-160

-170

-180

-190

- 200

-210

-4

150 -

160 -

170-

10 -

190-

200 _

210 -

-oto
(a
a

-6-w

X.



gCZ eBed 90L-3 m)IlJ

(40J 01) (7
0D 0o 00 0s 0D c -hQ a Q C D a0 C) Q~ Q D CD CDa

-J-

co-

Co'

C-
06

o .

I I I I I

0 A0H LZ9-ddHJ



01/31175
Gamma (c/3)
0o 100 200

0.

10

20~

40

50

'30

70

90~

100

110

lb0

n

0
Ca,a

so
40

*a30

* 20
10

0
100

80

i.0e

20
0

Borehole 30-06-02

975 1980 1985 1990 1995
Date (Yea

0 I.j L Ak

01/29199
Gamma (c/s)

0 100 200
0

IC

20

30

0

_ 0

aS

go

100

Ito

120,

Am")$ br Pm" Mvr Satr

4.-

Depth: 0-16 ft
Background: 20-45 ft

.*
0**

0 sllDea n0

0000

0000

00 0 0

00 0

p oj~ -
0

t~a0

-4
0)
n

C,
-.

Mu
-U_0
6A
wJ

M

CD

- .. Yif,

70

-
8o

1I

Cs-137 Decay Une



RPP-8321, Rev. 0

Borehole 30-06-03

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity.

Grade thickness product over 0 to 10 feet is erratic and highly variable, indicative of
tank farm activity. The HPGe survey identified Cs-137 in the borehole from the
surface to 75 feet with concentrations up to 100 pCi/g at 1 ft. The second highest
concentrations are up to 10 pCi/g from 2 to 45 feet. The gross gamma surveillance
logs identified only the upper contamination (0 to 10 feet).

The HPGe survey identified a thin zone of Cs-137 at 27 ft with a concentration of 10
pCi/g. No grade thickness product plot was presented for this zone because the
zones activity is below the detection threshold of the tank farm surveillance logs.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 1/29/1999

Number Surveys Processed: 666

Anal sis Notes
Method Used to Compute Fixed background (30-50ft)

Background:
Depth(s) where Contamination 0-10 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-06-04

Contamination (Cs- 137) from 0-16 feet is Tank Farm Activity.
Contamination (Cs-137) from 16-32 feet is Stable.

Grade thickness product over 0 to 16 feet is variable and erratic from 1984 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified).

Grade thickness product over 16 to 32 feet is decreasing consistent with Cs-137
(HPGe identified) since 1984, and is somewhat erratic before 1984. Since the small
amount of erratic nature before 1984 could be caused by depth control errors, the
zone is classified stable.

The HPGe survey identified Co-60 from 85 to 91 feet at concentrations up to 0.3
pCi/g and there was no indication on the stack plot of elevated activity in this
interval even in the early (1975) surveys. The HPGe survey was run February
1997. A Co-60 concentration of 5.6 pCi/g on January 1975 would decay to 0.3 pCi/g
on February 1997. The 5.6 pCi/g concentration is near the non detect limit for the
tank farm logging system which could explain why no elevated activity is shown in
the stack plot.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 130 ft

First Survey Date: 1/10/1975
Last Survey Date: 1/30/1999

Number Surveys Processed: 657

Analysis Notes
Method Used to Compute Fixed background (33-50ft)

Background:
Depth(s) where Contamination 0-16 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 16-32 ft Stable
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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30-06-04 Combination Plot

100

110 -

120 -

130 -

" TCs and 60c

- Ia I I -It I I I

-- rLEGEMD 4--

LL"li

I I I

--- -T --- --

- I I I -

---- -~L. --

- -

I I I I

-- - -- -

-" I" IM Il" IM.

K I

--

- - - - --. -

---- 1-- -_

I I

- I

- I I

238U
T--A

K 12L
- % t

.. -I- I -

--- 4 -A--

.. I

-- 4-------

I I

- -

--. I

-I I
- ~I 1- -

-1

r--I

-- 4- --

-- --- tI--

- I-I

I -

I I

I- - - -

I I

-Total y

I I
- -L

-- I- -

I -I

-- - - - - -

I I
- I I -

- I I -
, , I ,

104 10- 10* 10. 10' pUfg 00 Os 1D 3w pg 70 cps
pCilg I I I I I I p01g fI I I f0 10 20 0 00 05 14 15 10 so ,,O

TF Gross y

1~'

-----------

------------ -

_ _ - _

--

- I

0I
140 -

so0 -

fx; -

100

- 120

-130

- 140

-150

- 160

170-

?so-

190-

200-

210 -

0)
C
C
M

CA)

;a-u-u

M
(D

- 170

- tea

-190

-200

21'I.210



Borehole 30-06-04
0-

10

20-

30-

40

50

60

70-

80

90

100

110

120

130 -

1985
Date (year)

1990 1995
Aft~.. b Wi Tvn Sas~u

H
0

0

g

C
0

'V

-9
0
0
p.

' -

[W r

4

-c

-. r -. r.

0
C
0 1975 1980

-u

;u

0



RPP-8321, Rev. 0

E
It
C

08 8 R D (
Depth (ft)

C

0
0

a

0 00 e

0'

0a
S

* 0
Cn

0*'
- 0

(CU? 0>

rn 0
In

0

C 0

0
0 o

0

0%
0o~ 0. *

0

~
o 0

0

0

C

0
0 0

0
0

3000 2500 2000 1500 1000 Soo
Grade Thickness Product (feet*cts) Average

Background (cMs)
Frequency
Clean (%t)

0 R S S
Depth (f)

SS S* 8

I

U

0

Tank C-106

- t

C)

Q,

I

w

"'1
.4

9'
a

CV)
.

0

0
0

In

____ - I

a-- I..
4.

-t

I - * I....

1.
~1

it

* V
Ut

I
E

A

I.

0

g|
,E8C

00E

Page 245



01110/75
Gamma (c/s)

o 100 200
0

10

20

40

70]

100

110

120

130

o 300 so

S.
o 1

C

~ 0

I.
C
a

*1

I
C

C

C

C

50

20

r10

0
100

0'~

-a

so

60
40
20
0

Borehole 30-06-04

975 1980 1985 1990 1995
Date (Yeat)

0

10

20

Depth: 16-32 ft
Background: 33-50 ft

00

to 0 0

SCs-137 Decay Une

* 0

-. "J by . -y.. S- Mt

01/30/99
Gamma (cs)

* 100 200
"'*""

' If U-

0 no0 w.e

C
'U

S0

40

so

70

80

90

100

110

120

hS~sm
III

6

CD

-U
0)
C
CD

I I



RPP-8321, Rev. 0

Borehole 30-06-09

Contamination (Cs-137) from 0-16 feet is Tank Farm Activity.

Grade thickness product over 0 to 16 feet is variable and erratic, indicative of tank
farm activity. The HPGe survey identified Cs-137 from the surface to the bottom of
the borehole with concentrations up to 20 pCi/g between 0 and 15 feet. Trace
amounts of Co-60 were detected by the HPGe survey at concentrations less than 0.2
pCi/g at 27 and 75 feet.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 1/29/1999

Number Surveys Processed: 657

Anal sis Notes
Method Used to Compute Fixed background (20-40ft)

Background:
Depth(s) where Contamination 0-16 ft Tank Farm Activity

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name : Three Rivers Scientific
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Tank C-106

Borehole 30-06-10

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity.
Contamination (Co-60) from 86-115 feet is Unstable.

Grade thickness product over 0 to 10 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified).

Grade thickness product over 86 to 115 feet shows a low level of increasing
contamination beginning in 1985. Careful review of the stack plot also shows an
increase in activity in the depth zone beginning in 1985. The HPGe survey
identified Co-60 in the zone at concentration of 1 pCi/g. The decay line for Co-60
does not match the trend of the grade thickness product, indicating an unstable
zone.

Gross Gamma Survey Information
Probe Type Processed: 04: NaT

Other Probe Types: 03: Neutron
Survey Depth :' 130 ft

First Survey Date : 1/10/1975
Last Survey Date : 1/30/1999

Number Surveys Processed : 657

Anal sis Notes
Method Used to Compute Fixed background:

Background: 20-40 ft; zone 0-10 ft
58-80 ft; zone 86-115 ft

Depth(s) where Contamination 0-10 ft Tank Farm Activity
Identified in Gross Gamma Surveys: 86-115 ft Unstable

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific
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30-06-10 Combination Plot
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Borehole 30-06-12

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity.
Contamination (Cs-137 & Co-60) from 14-26 feet is Unstable

Early.

Grade thickness product over 0 to 14 feet is variable and erratic, indicative of tank
farm activity. A Cs-137 (HPGe identified) decay line is shown on the grade
thickness plot.

Grade thickness product over 14 to 26 feet shows an abrupt activity increase in
1978 then decreases consistent with a least square fit for the decay of Cs-137 and
Co-60 (both HPGe identified). The ratio of Cs-137 to Co-60 on 1/2000 is 79:10. The
zone is categorized as unstable early.

Gross Gamma Survey Information
Probe Type Processed : 04: Na

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date : 1/20/1999

Number Surveys Processed: 802

Anal sis Notes
Method Used to Compute Fixed background: 30-50 ft

Background:
Depth(s) where Contamination 0-14 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 14-26 ft Unstable Earlly
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Tank C-107

Table of Contents
Tank C-107..........................................................................................................................,...... 262

Borehole 30-07-01...................................................................................................................263
Borehole 30-07-02................................................................................................ .... 267
Borehole 30-07-05..................................................................................................................271
Borehole 30-07-07................................................................................................. .... 275
Borehole 30-07-08.................................................................................................................279
Borehole 30-07-10...................................................................................................................283
Borehole 30-07-11.............................................................................................. .... 287

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 107 in the 'C" Tank Farm.

Special Notes: Borehole 30-07-05 has high gross for the level of Cs-137 reported with the HPGe log
data. This indicates the possibility of either a remote Cs-137 source, or the presence of a strong beta
only source, (such as Sr-90).
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Borehole 30-07-01

Contamination (Cs-137) from 0-14 feet is Stable.

Grade thickness product over 0 to 14 feet is decreasing consistent with logging
practices at the top and bottom of a borehole and with Cs-137 (HPGe identified)
decay. Any observed variance is within the statistical precision of the data in this
interval.

Gross Gamma Survey Information
Probe Type Processed : 04: Na

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 6/03/1994

Number Surveys Processed: 380

Analysis Notes
Method Used to Compute Fixed background (20-40ft)

Background:
Depth(s) where Contamination 0-14 ft Stable

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-07-02

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 6 pCilg from the surface to 32 feet with the maximum occurring at 27 ft.

The stack plot and total gamma curve from the HPGe survey both identified a small
increase in gamma activity in the zone from 24 to 28 feet. The grade thickness
product plot (not included) confirmed a low level zone with no significant variations
during the monitoring time period and is less than the minimum detection
threshold of the tank farms logging system.

Gross Gamma Survey Information
Probe Type Processed : 04: NaT

Other Probe Types: 03: Neutron
Survey Depth : 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 6/03/1994

Number Surveys Processed: 385

Analysis Notes
Method Used to Compute Fixed background (34-45 ft)

Background:
Depth(s) where Contamination None

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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1)

Tank C-107

Borehole 30-07-05

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified).

The concentration of Cs-137 between 1 and 4 feet is low relative to the gross gamma
activity. This indicates the presence of a strong remote Cs-137 source or the
presence of a strong beta only emitter (such as Sr-90).

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 6/30/1994

Number Surveys Processed: 398

Anal sis Notes
Method Used to Compute Fixed background (10-40ft)

Background:

Depth(s) where Contamination 0-8 ft Tank Farm Activity
Identified in Gross Gamma Surveys:

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific

7)
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Borehole 30-07-07

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at
less than 2 pCi/g from the surface to 16 feet, and no other detection greater than 0.5
pCi/g for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date : 6/03/1994

Number Surveys Processed: 390

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:

Depth(s) where Contamination NONE
Identified in Gross Gamma Surveys:

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific
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Borehole 30-07-07
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Borehole 30-07-08

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at 1
pCi/g or less from the surface to 28 feet, and no other detection greater than 0.5
pCi/g for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed : 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/03/1994

Number Surveys Processed: 387

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-07-08
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Borehole 30-07-10

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at
less than 3 pCilg from the surface to 25 feet, and no other detection greater than 0.5
pCi/g for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/03/1994

Number Surveys Processed: 390

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-07-10
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Borehole 30-07-11

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity.

Grade thickness product over 0 to 10 feet erratic and highly variable, indicative of
tank farm activity. A Cs-137 (HPGe identified) decay line is shown on the grade
thickness plot.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/03/1994

Number Surveys Processed: 403

Anal sis Notes
Method Used to Compute Fixed background (20-40ft)

Background:
Depth(s) where Contamination 0-10 ft Tank Farm Activity

Identified in Gross Gamma Surveys :
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Tank C-108

Table of Contents
Tank C-108..................................................................................................................................291

Borehole 30-08-02..................................................................................................................292
Borehole 30-08-03.................................................................................................................. 300
Borehole 30-08-12..................................................................................................................304

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 108 in the "C" Tank Farm.

Special Notes: None
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Borehole 30-08-02

Contamination (Cs-137) from 0-6 feet is Tank Farm Activity.
Contamination (Cs-137) from 13-28 feet is Tank Farm Activity.

Contamination (Co-60) from 46-55 feet is Unstable.
Contamination (Co-60) from 55-84 feet is Unstable.

Grade thickness product over 0-14 and 13-28 feet are variable and highly erratic,
indicative of tank farm activity. A Cs-137 (HPGe identified) decay line is shown on
the grade thickness plot as a reference. The HPGe survey identified Eu-154 at low
levels (less than 1/30th the concentration of Cs-137) in the contamination zones. The
Eu-154 contamination, although unusual for near surface contamination does not
influence the assigned category.

The stack plot shows two contamination zones in the lower portion of the borehole.
The contamination zone at 52 feet remains at a constant depth for the duration of
the tank farm logs, which may indicate a spreading horizon in the subsurface
sediments. Low frequency logging from 1983 to 1989 for a mobile contaminant (Co-
60) inhibits a stable classification in the latter years.

The lower contamination zone (55 to 84 ft) shows on the stack plot that the
contamination moved down through the sediments from 55 to 75 feet during the ten
years of surveillance monitoring (about 2 ft per year). The decrease in the grade
thickness product for both zones does not fit either the HPGe identified
contaminants (Co-60 and Cs-137) or the contaminants combined with Ru-106
(hypothesis), implying migrating contamination. A Co-60 decay line is shown on the
plots as a reference.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 7/2411980
Last Survey Date: 6/19/1989

Number Surveys Processed: 68
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Analysis Notes
Method Used to Compute Fixed background: 28-48 ft

Background:
Depth(s) where Contamination 0-6 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 13-28 ft Tank Farm Activity
46-55 ft Unstable
55-84 ft Unstable

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific
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'I

Tank C-108

Borehole 30-08-03

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 50 feet. The HPGe logging system detected Cs-137 for the
full borehole depth with the maximum concentration occurring at the surface (0 ft)
and bottom of the borehole at greater than 5 pCi/g. The concentration between 2
and 49 feet is less than 1 pCi/g.

The stack plot indicates that the borehole may have been 58 feet deep in 1975. The
logs after 1984 have a maximum depth of 50 feet.

Gross Gamma Survey Information
Probe Type Processed: 04: Na

Other Probe Types: 03: Neutron
Survey Depth: 55 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/08/1994

Number Surveys Processed: 317

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

-Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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I

A

Tank C-108

Borehole 30-08-12

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 for
much of borehole depth (0-37 and 47-73 ft) at concentrations less than 5 pCi/g. The
concentrations of Cs-137 were not clearly identified in either the HPGe total gamma
log or the tank farms stack plots. The grade thickness product plots (not included)
confirmed the low level zones had no significant variations during the monitoring
time period and are less than the minimum detection threshold of the tank farms
logging system.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 7/08/1994

Number Surveys Processed: 299

Anal sis Notes
Method Used to Compute Fixed background (30-50 ft)

Background:
Depth(s) where Contamination None

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-08-12
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Tank C-109

Table of Contents
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 109 in the 'C" Tank Farm.

Special Notes: None
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Borehole 30-09-01

Contamination (Cs-137, Co-60, & Ru-102) from 88-100 feet is
Unstable Early.

Grade thickness product over 88 to 100 feet shows an abrupt increase in 1976 then
a rapid decrease to activity that is slightly lower than was present in 1975. The
high rate of decrease in the grade thickness product in 1976 is possibly migrating
contamination and does not match a least square fit of Cs-137, Co-60 (both HPGe
identified) and Ru-102 (hypothesis) decay. The zone is categorized as unstable early.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date : 7/08/1994

Number Surveys Processed: 316

Anal sis Notes
Method Used to Compute Fixed background (50-70ft)

Background :
Depth(s) where Contamination 88-100 ft Unstable Early

Identified in Gross Gamma Surveys :
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific

Tank C-109
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Tank C-1 09

Borehole 30-09-02

Contamination (Co-60) from 40-58 feet is Unstable.
Contamination (Co-60) from 82-100 feet is Stable.

Grade thickness product over 40 to 58 feet shows two times where activity increased
(1980 and 1983-1984). The grade thickness product is decreasing consistent with
Co-60 (HPGe identified) decay after 1985. The zone is unstable because, the stack
plot shows that the contamination moved two feet lower in the ten year time period
from 1984 to 1994. Tracking the movement of the contamination to lower depths
can not be performed for logs prior to 1984 because depth control was compromised
by the manual operation of the logging equipment.

Grade thickness product over 82 to 100 feet is decreasing consistent with Co-60
(HPGe identified) decay. Any observed variances are within the statistical precision
of the log data.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/08/1994

Number Surveys Processed: 312

Anal sis Notes
Method Used to Compute Fixed background (58-82ft)

Background:
Depth(s) where Contamination 40-58 ft Unstable

Identified in Gross Gamma Surveys: 82-100 ft Stable
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-09-06

Contamination (Co-60) from 72-88 feet is Unstable Early.

Grade thickness product over 72 to 88 feet shows that the activity rapidly increased
from 1980 to 1984 then decreased by one half from 1984 to 1986. After 1986 the
grade thickness product decrease was consistent with Co-60 (HPGe identified)
decay. The stack plot shows that the contamination moved two feet lower from
1984 to 1986. Tracking the movement of the contamination to lower depths can not
be performed for logs prior to 1984 because depth control was compromised by the
manual operation of the logging equipment. The zone is categorized as unstable
early.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/1011975
Last Survey Date: 7/08/1994

Number Surveys Processed: 320

Anal sis Notes
Method Used to Compute Fixed background (40-70ft)

Background:

Depth(s) where Contamination 72-88 ft Unstable Early
Identified in Gross Gamma Surveys:

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific
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Borehole 30-09-07

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity.
Contamination (Co-60) from 72-90 feet is Unstable Early.

Grade thickness product over 0 to 14 feet is erratic and highly variable, indicative of
tank farm activity. The HPGe survey identified Cs-137 up to 15 pCilg from the
surface to 10 feet and intermittently from 10 to 35 feet.

Grade thickness product over 72 to 90 feet shows a rapid decrease in activity from
the first surveys in 1982 to 1987. The low monitoring frequency (annual) for the
majority of the surveillance time period makes analysis of the tank farm logs
difficult. After 1987 the grade thickness product is decreasing, consistent with Co-
60 (HPGe identified) decay, within statistical precision typical of the tank farms
logging equipment. The zone is categorized as unstable early.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 125 ft

First Survey Date: 4/08/1982
Last Survey Date: 7/08/1994

Number Surveys Processed: 45

Anal sis Notes
Method Used to Compute Fixed background (42-70ft)

Background:
Depth(s) where Contamination 0-14 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 72-90 ft Unstable Early
Analyst Name: R.K. Price

Company Name : Three Rivers Scientific
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Borehole 30-09-10

Contamination (Cs-137) from 0-20 feet is Tank Farm Activity.
Contamination (Cs-137) from 20-38 feet is Stable.
Contamination (Cs-137) from 50-70 feet is Stable.
Contamination (Cs-137) from 70-94 feet is Stable.

Grade thickness product over 0 to 20 feet is highly erratic and variable from 1975 to
1986, indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified).

The HPGe survey detected Cs-137 almost continuously through out the borehole at
concentrations ranging from greater than 100 pCi/g (3 ft) to near 1 pCi/g with low
levels of Co-60 (70-100 ft). Co-60 was detected between 52 and 98 feet at
concentrations near 0.1 pCi/g. A concentration of 3.1 pCi/g of Co-60 on 1/1/1975
would decay to 0.1 pCi/g on 12/31/2000. Thus the tank farm logs would not see the
decay of Co-60 since it is less than MDL.

Grade thickness products over 20-38, 50-70, and 70-94 feet are low level
contamination zones. The observed variances are within the statistical precision of
the data in the intervals. The decay line of Cs-137 (HPGe identified) is shown as a
reference. The zones are categorized as stable.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 9/27/1995

Number Surveys Processed: 360

Anal sis Notes
Method Used to Compute Fixed background (40-50ft)

Background:
Depth(s) where Contamination 0-20 ft Tank Farm Activity

Identified in Gross Gamma Surveys: 20-38 ft Stable
50-70 ft Stable

170-94 ft Stable
Analyst Name: R.K. Price

Company Name : Three Rivers Scientific
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Borehole 30-09-11

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet.

The HPGe logging system detected Cs-137 in three zones in the borehole. The first
zone, from the surface to 16 feet, had Cs-137 levels up to 4 pCi/g. The second zone,
from 44 to 48 feet, had Cs-137 levels less than 2 pCi/g. The third zone, at the bottom
of the borehole (93 to 99 feet), had Cs-137 levels at 2 pCi/g. All three zones contain
Cs-137 at levels below gross gamma detection threshold.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 6/03/1994

Number Surveys Processed: 349

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific

Tank C-109
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Tank C-110

Table of Contents
Tank C-110..................................................................................................................................339

Borehole 30-10-01...................................................................................................................340
Borehole 30-10-02...................................................................................................................344
Borehole 30-10-09...................................................................................................................348
Borehole 30-10-11.................................................................................................................. 352

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 110 in the 'C" Tank Farm.

Special Notes: Borehole 30-10-02 has slightly high gross activity for the level of Cs-137 reported
with the HPGe log data. This indicates the possibility of either a remote Cs-137 source, or the
presence of a strong beta only source, (such as Sr-90).
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Borehole 30-10-01

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 in two
zones in the borehole near the surface. The first zone from the surface to 2 feet had
the highest amount of Cs-137 at the surface, 9 pCi/g. The second zone from 6 to 17
feet had Cs-137 levels near 1 pCi/g or less.

Gross Gamma Survey Information
Probe Type Processed : 04: Na

Other Probe Types: 03: Neutron
Survey Depth : 100 ft

First Survey Date : 1/10/1975
Last Survey Date: 3/31/1994

Number Surveys Processed: 333

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:

Depth(s) where Contamination NONE
Identified in Gross Gamma Surveys:

Analyst Name: R.K. Price
Company Name: | Three Rivers Scientific
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Borehole 30-10-01
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Borehole 30-10-02

Contamination (Cs-137) from 42-50 feet is Stable.

Grade thickness product over 42 to 50 feet is decreasing consistent with Cs-137
(HPGe identified) decay. The magnitude of gross count rate is slightly higher than
normal for the observed level of Cs-137, which may indicate either strong beta
emitter with the Cs-137, or that the Cs-137 source is remote to the borehole.

Gross Gamma Survey Information
Probe Type Processed: 04: Na!

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date : 3/31/1994

Number Surveys Processed: 357

Anal sis Notes
Method Used to Compute Fixed background (30-41ft)

Background:
Depth(s) where Contamination 42-50 ft Stable

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-10-09

Contamination (Ru-106) from 40-60 feet is Unstable Early.

Grade thickness product over 40 to 60 feet is decreasing at a rate that is faster than
the decay of Ru-106 (hypothesis). The half life of Ru-106 is 1.02 years. The grade
thickness product shows a short time period from 1978 to 1980 with no significant
change before the contaminant decreased to background levels. The gross gamma
survey logs from 1981 to the last survey in 1994 show a clean borehole. The zone is
categorized as unstable early.

Gross Gamma Survey Information
Probe Type Processed : 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/24/1975
Last Survey Date: 3/31/1994

Number Surveys Processed: 354

Anal sis Notes
Method Used to Compute Fixed background (60-80ft)

Background:
Depth(s) where Contamination 40-60 ft Unstable Early

Identified in Gross Gamma Surveys: -
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-10-11

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 6 pCi/g from the surface to 4 feet, and no other detection for the remainder of the
logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaT

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 5/02/1975
Last Survey Date: 3/31/1994

Number Surveys Processed: 336

Analysis Notes
Method Used to Compute Threshold O<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-10-11
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Tank C-111

Table of Contents
Tank C-111..................................................................................................................................356

Borehole 30-11-01...................................................................................................................357
Borehole 30-11-05................................................................................................................... 361
Borehole 30-11-06...................................................................................................................365
Borehole 30-11-09................................................................................................................... 369
Borehole 30-11-11................................................................................................................... 373

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 111 in the "C" Tank Farm.

Special Notes: None
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Borehole 30-11-01

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137
intermittently at up to 1 pCi/g from the surface to 56 feet.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/10/1975
Last Survey Date : 7/01/1994

Number Surveys Processed: 345

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific

3
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Borehole 30-11-01
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Borehole 30-11-05

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 2 pCi/g from the surface to 5 feet, and no other detection greater than 0.5 pCi/g
for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 5/09/1975
Last Survey Date: 7/01/1994

Number Surveys Processed: 277

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-11-05
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Borehole 30-11-06

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 from
the surface to 40 feet. The maximum concentrations are: 7 pCi/g at 1 feet and 5
pCi/g at 11 feet. These levels are below the threshold of the gross gamma
surveillance system.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 1/10/1975
Last Survey Date: 7/01/1994

Number Surveys Processed: 298

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-11-09

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at 9
pCi/g at the surface, less than 1 pCi/g from 1 to 15 feet, and no other detection for
the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 1/17/1975
Last Survey Date : 7/01/1994

Number Surveys Processed: 305

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-11-09
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Borehole 30-11-11

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 only
at the surface (0 feet) at 10 pCi/g, and no other detection for the remainder of the
logged depths.

Gross Gamma Survey Information
Probe Type Processed: 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 5/09/1975
Last Survey Date: 6/30/1994

Number Surveys Processed. 280

Analysis Notes
Method Used to Compute Threshold 0<val<50

Background:

Depth(s) where Contamination NONE
Identified in Gross Gamma Surveys:

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific
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Tank C-112

Table of Contents
Tank C-112.................................................................................................................................. 377

Borehole 30-12-01...................................................................................................................378
Borehole 30-12-03...................................................................................................................382
Borehole 30-12-09...................................................................................................................386
Borehole 30-12-13...................................................................................................................390

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the
Tank 112 in the "C" Tank Farm.

Special Notes: None
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Borehole 30-12-01

Contamination (Co-60 & Ru-106) from 38-48 feet is Unstable
Early.

Grade thickness product over 38 to 48 feet shows a rapid increase of gross gamma
activity in 1978. The grade thickness product from mid 1978 is decreasing at a rate
consistent with a least square fit for the decay of Co-60 (HPGe identified) and Ru-
106 (hypothesis). The decay fit to the grade thickness product is acceptable but not
great. The GTP is consistently below the decay fit beyond 1988. The ratio of Ru-106
to Co-60 on 1/1978 is 161:52. The zone is categorized as unstable early.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 5/09/1975
Last Survey Date: 7/01/1994

Number Surveys Processed: 384

Anal sis Notes
Method Used to Compute Fixed background (48-70ft)

Background:
Depth(s) where Contamination 38-48 ft Unstable Early

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-12-03

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 up to
6 pCi/g from the surface to 8 feet and intermittently for the reminder of the borehole
at concentrations less than 1 pCi/g. The HPGe survey encountered water in the
borehole at 40 feet.

The stack plot and total gamma curve from the HPGe survey both identified a small
increase in the gamma activity above 10 feet. The grade thickness product plot (not
included) confirmed a low level zone with no significant variations during the
monitoring time period and is less than the minimum detection threshold of the
tank farm logging system.

Gross Gamma Survey Information
Probe Type Processed: 04: Nal

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date : 5/09/1975
Last Survey Date : 7/0111994

Number Surveys Processed: 348

Analysis Notes
Method Used to Compute Fixed background (20-40ft)

Background:
Depth(s) where Contamination None

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-12-03
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Borehole 30-12-09

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based upon gross
gamma data, above the survey probe detection threshold between 1975 and 1994 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at 6
pCi/g at the surface (0 feet) then less than 0.5 pCi/g intermittently from 1 to 16 feet,
and no other detection for the remainder of the logged depths.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 100 ft

First Survey Date: 5/09/1975
Last Survey Date: 7/01/1994

Number Surveys Processed: 340

Anal sis Notes
Method Used to Compute Threshold 0<val<50

Background:
Depth(s) where Contamination NONE

Identified in Gross Gamma Surveys:
Analyst Name: R.K. Price

Company Name: Three Rivers Scientific
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Borehole 30-12-09
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Borehole 30-12-13

Contamination (Cs- 137) from 0-20 feet is Tank Farm Activity.
Contamination (Co-60 & Cs-137 & Ru-106) from 20-50 feet is

Stable.

Grade thickness product over 0 to 20 feet shows variations in gamma activity level.
The maximum activity in the Cs-137 zone (HPGe identified) did not exceed the
linear range of the tank farm gross gamma probe. The zone is thin with the highest
activity occurring at 10 feet. The shallow contamination zone is above the
underground tank and may be associated with a buried transfer line. The variations
in grade thickness product are indicative of tank farm activity.

Grade thickness produce over 20 to 50 feet is decreasing at a rate consistent with a
least square fit for the decay of Co-60, Cs-137 (both HPGe identified) and Ru-106
(hypothesis). The ratios of Co-60, Cs-137, and Ru-106 (1/1978) are 767:14:1093. The
HPGe survey also identified Eu-154 in the thin zone at 37 feet which has a half life
of 8.5 years. The half life of Eu-154 is between the least square fit isotopes of Cs-
137 (30.17 yr), Co-60 (5.27 yr), and Ru-106 (1.02 yr) and was not required for the fit.

Gross Gamma Survey Information
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron
Survey Depth: 120 ft

First Survey Date : 5/03/1978
Last Survey Date: 7/01/1994

Number Surveys Processed: 211

Anal sis Notes
Method Used to Compute Fixed background (50-75ft)

Background:

Depth(s) where Contamination 0-20 ft Tank Farm Activity
Identified in Gross Gamma Surveys : 20-50 ft Stable

Analyst Name: R.K. Price
Company Name: Three Rivers Scientific
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30-12-13 Combination Plot
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